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MATOrEHE3 HAYAJIbHbIX CTAAUIN TAMKENIOU ®OPMbI COVID-19

A.C. lTonota', T.A. Kamunosa', O.B. LLIHengep', A.A. BonorxaHun'2, C.I. LLlep6ak'-2
" Topopckas 6onbHuLA Ne 40 KypopTHOro agMuHucTpaTeHoro paiioHa, CaHkT-Metepbypr, Poccuiickas ®epepauus
2 CaHkT-lNeTepbyprckuin rocyaapcTBeHHbIN yH1BepcuTeT, CaHkT-MeTepbypr, Poccuiickas ®epepauys

C t1ex nop kak SARS-CoV-2 nosiBuncs cpegu nofen, Hay4Hoe coobLyecTBO CTapasoch cobpark Kak
MOXHO 60JbLLIE MHOPMaLmM, YTOBbI HaNTV 3¢hhEKTUBHbIE CTPATENMY CAEPXXUBAHWUS 1 JIEHEHUS 3TOIMO
naHgeMmn4ecKoro KopoHasupyca. Mbi nposesin 0630p TekyLyen onybmkoBaHHOM intepatypbl no SARS-
CoV-2 ¢ akyeHTOM Ha 0COBEHHOCTSIX Ero PacrpOCTPaHEHNS B TKaHSIX U XXUGKOCTSX OpraHn3ma 4esioBe-
Ka, a TakXxe fgaHHbIX 06 3KCrpeccumn ero BXogHbIX PELernTopoB Ha KaeTo4YHou nosepxHoctu. COVID-19
pasHbiMy criocobamy 3aTparnBaeT MHOXECTBO CUCTEM OpraHoB. OTu pa3HOOobpasHbie MpOosiB/ICHUS
CBsi3aHbl C BUPYCHBIM TPOMU3MOM U UMMYHHbIM OTBETOM OpraHn3ma MHGOUUMPOBAHHOIO Y€/10BeKa, HO
TOYHbIE MEXaHU3MbI eLLe HE BIOJIHE OOBbSICHUMBI. Mbl MogYepKmBaem LLUMPOKU opraHoTponuam SARS-
CoV-2, NoCcKo/IbKY MHOrne nccaenoBaHusl BbisIBUIM BUPYCHbIE KOMMIOHEHTbI (PHK, 6esku) BO MHOrmnx
opraHax, BKJIo4Yasi UMMYHHbIE KJIETKU, [TI0TKY, TPaxero, Jerkue, KpoBb, CepALe, COCyabl, KULLIEYHVK,
MO3r, MOYKU U MY>XKCKME PErpoayKTUBHbIE OpraHbl. BupyCHbIe KOMIOHEHTbI MPUCYTCTBYIOT B Pa3/INYHbIX
JKVOKOCTSIX OpraHmnama, Takmx Kak CJam3b, CJIOHa, MoYa, CIIMHHOMOS3IroBasi XXUGKOCTb, CriepMa v rpyaHoe
mosioko. ACE2 — ocHoBHow peuentop Bxoga SARS-CoV-2 — akcripeccupyeTcsi Ha pasHbiX yPOBHSIX BO
MHOIMX TKaHsiX 1o BCEMY HYEJIOBEYECKOMY TeJly, HO YPOBHM €ro 9KCrpeccuy He Bcerga CoOOTBETCTBYIOT
obHapyxeHnto SARS-CoV-2, 4To yKkasbIBaeT Ha CJI0XKHOE B3aMOLENCTBUE MEXY BUPYCOM U HEs10Be-
KOoM. Mbi TakxKe ocBeLyaeM pPOJib PEHNH-aHIMOTEH3UH-a/1bJOCTEPOHOBON CUCTEMbI U €€ UHMMOUTOPOB
B KoHTekcTe COVID-19. Kpome Toro, SARS-CoV-2 obnagaet pas3/myHbIMU CTPATErUsSIMU, LLUNPOKO UC-
10/1b3yeMbIMM B Pa3INYHbIX TKaHSIX, 4J151 yKJIOHEHUS OT NPOTUBOBUPYCHOIO BPOXAEHHOIO UMMYHUTETA.
TapreTupoBaHne MeamaTopoB YKJIOHEHVS BUPYCca OT UMMYHUTETa MOXET BJIOKMPOBaTh €ro perivkayuo
y naymeHToB ¢ COVID-19. BmecTe aTu gaHHbIe Npo/MBatoT CBET Ha TEKYLLee npeacTaB/IeHne O rnaTore-
He3e SARS-CoV-2 n 3aknapfbiBatoT OCHOBY AJ151 JIyHLUEN AnarHOCTUKY 1 nedeHns nauyneHTos ¢ COVID-19.

Knro4deBbie cnoBa: COVID-19; kopoHaBupyc; SARS-CoV-2; peuentop ACE2; npoTnBOBUPYCHbIN UMMY-
HuTteT; natoreHe3 COVID-19.
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Cnuncok cokpatlyeHum

VMBJ1 — nckyccTBeHHas BEHTUNALNSA NErKMX FDA (Food and Drug Administration) — YnpaBneHue
OPIC — OCTpbIii pecnupaTopHblii ANCTPecc-cuH- | MO CaHUTapHOMY HaA30py 3@ Ka4eCTBOM MNLLEBbIX
[pOM nponyKToB 1 megnkameHToB CLLIA

PAAC — peHH-aHr1oTeHauH-anbaocTepoHosas cu- | FGF (fibroblast growth factor) — dakTop pocra ¢u-
cTema 6pobnactoB

ACE2 (angiotensin-converting enzyme 2) — anruo- | G-CSF (granulocyte colony-stimulating factor) —rpa-
TEH3MHMPEBPALLAIOLLMA (PEPMEHT 2 HYNIOLIMTaPHbIN KONOHUECTUMYNMPYIOLLNIA (hakTop
Ang (angiotensin) — aHrMOTEH3WH GM-CSF (granulocyte-macrophage colony-stimu-
B1R (bradykinin B1 receptor) — peuenTop 6paanki- lating factor) — rpaHynouuMTapHo-MaKpoq)araanbm
HiHa B1 KOJIOHNECTUMYNMPYIOLLMIA (haKTop

DABK ([des-Arg973]-bradykinin) — akTugHblii MeTa- JAK2 (Janus kinase 2) — curHanbHas SAHyc-KnHasa
6onnT 6paAnKNHIHA IFN (interferon) — nHTepdepoH
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PATHOGENESIS OF THE INITIAL STAGES
OF SEVERE COVID-19
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Since SARS-CoV-2 first appeared in humans, the scientific community has tried to gather as much
information as possible in order to find effective strategies for the containment and treatment this
pandemic coronavirus. We reviewed the current published literature on SARS-CoV-2 with an emphasis
on the distribution of SARS-CoV-2 in tissues and body fluids, as well as data on the expression of its
input receptors on the cell surface. COVID-19 affects many organ systems in many ways. These varied
manifestations are associated with viral tropism and immune responses of the infected person, but
the exact mechanisms are not yet fully understood. We emphasize the broad organotropism of SARS-
CoV-2, as many studies have identified viral components (RNA, proteins) in many organs, including
immune cells, pharynx, trachea, lungs, blood, heart, blood vessels, intestines, brain, kidneys, and
male reproductive organs. Viral components are present in various body fluids, such as mucus, saliva,
urine, cerebrospinal fluid, semen and breast milk. The main SARS-CoV-2 receptor, ACE2, is expressed
at different levels in many tissues throughout the human body, but its expression levels do not always
correspond to the detection of SARS-CoV-2, indicating a complex interaction between the virus and
humans. We also highlight the role of the renin-angiotensin aldosterone system and its inhibitors in the
context of COVID-19. In addition, SARS-CoV-2 has various strategies that are widely used in various
tissues to evade innate antiviral immunity. Targeting immune evasion mediators of the virus can block
its replication in COVID-19 patients. Together, these data shed light on the current understanding of the
pathogenesis of SARS-CoV-2 and lay the groundwork for better diagnosis and treatment of patients
with COVID-19.
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IL (interleukin) — uHTEpPnenkuH

IP-10 (interferon-y-induzierbares protein 10) — uH-
TepepoH ramma-uHgyLmpyembii 6enok 10

IRF1 (interferon regulatory factor) — perynatopHbi
hakTop nHTEPdEpoHa

ISG (interferon-stimulated gene) — reH, ctumynmpo-
BaHHbIN NHTEPHEPOHOM

MIP (macrophage inflammatory proteins) — moHoLu-
TapHbI XeMOaTTPaKTaHTHbI 6EoK

MCP-1 (monocyte chemoattractant protein 1) — mo-
HOLIMTapHbIN XeMOATTPaKTaHTHbIN 6enokK 1
NRP1 (neuropilin receptor 1) — TpaHcmMeMbpaH-

HbI KNETOYHbIN peLenTop HemponuanHd 1, npogykT
reHa NRP1
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PDGF (platelet-derived growth factor) — Tpom6ouu-
TapHbIN hakTop pocTta

STAT1 (signal transducer and activator of transcrip-
tion 1) — npeobpasoBaTenb curHana U akTMBaTop
TpaHckpunumm 1

Th (T-helfer) — T-xennep, T-numdoumnTbl

TMPRSS2 (transmembrane protease serine 2) —

MemMbpaHo-cBsi3aHHas CepuHoBasi mpoTeasa, Mpo-
OykT reHa TMPRSS2

TNF-a (tumor necrosis factor alpha) — dakTop He-
Kpo3a onyxosun anbga

VEGF (vascular endothelial growth factor) — gakTop
pocTa 3HOO0TENNS COCYO0B
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BBEAEHUE

11 mapta 2020 roga BcemwupHas opraHusauus
30paBooxpaHeHns obbsisuna COVID-19 nanHpemuein.
3a Bpewmsi naHgemnn COVID-19 kopoHasBupyc SARS-
CoV-2 3apasun 167 011 807 4enoBek BO BCEM MUpe
(no coctosiHMio Ha 25.05.2021) ¢ 3aperncTprpoBaH-
HOW CMepTHOCTbIO 3 472 068 yenosek [1]. Passutne
CMepTenbHbIX  ocnoxHeHnr COVID-19  yckopsieTtcs
n3-3a OCTPOro PecnupaTtopHOro ANCTpecc-cMHapomMa
(OPLC), BTOPUYHBLIX MHeKUWMAn, cencuca 1 nonamop-
raHHol HepgocTtaTtoyHocTn [2]. Okono 5% nauneHToB
¢ COVID-19 umeloT TsKeNble CUMMTOMbI, BKJO4Yas
cenTnyeckuin wok, OPOC n pucgyHKUMIO OpraHos,
B TO BpeMs Kak y 80% nauneHTOB CUMMTOMbI JIerkme
unu oTcyTCTBYHOT [3].

NMHO®EKTUBHOCTDb

COVID-19 saTparuBaeT MHOXECTBO CUCTEM Op-
raHoB pasHbiMM crnocobamn. 3T pasHoobpasHble
NPOSBNEHNS CBA3aHbI C BUPYCHBIM TPOMU3MOM U UM-
MYHHbIM OTBETOM OpraHn3ma WHMOULMPOBAHHOIO Ye-
JIOBEKA, HO TOYHblE MEXaHU3MbI elle He BMOJSIHE Bbl-
ACHeHbl. Ha wwmpokuin opraHotponuam SARS-CoV-2
YyKa3blBaeT MPUCYTCTBME BUPYCHbIX KOMMOHEHTOB
(PHK, 6enku) BO MHOIMX opraHax YenoBeka, BKJoYas
rNoTKy, TPpaxeto, Nerkne, cepaue, cocyabl, KPoBb, Ku-
LUEYHVK, MO3T, MOYKM, MeYEHb N CEMEHHUKN, a TaKXe
B Pa3fINYHbIX XXUAKOCTAX OpraHn3ma, Takux Kak Cro-
Ha, CNn3b, MOYa, CMMHHOMO3roBas XNAKOCTb, cnepma
n rpygHoe mosoko. Bupyc SARS-CoV-2 nHduumpyet
KNETKN C TMOMOLBI aHrMOTEH3VHMNPEeBpaLLlatoLe-
ro gepmeHTa 2 — nonudyHKLMOHaNBHOro Membpa-
HOCBSAA3aHHOrO peuentopa (angiotensin-converting
enzyme-2, ACE2), KOTOpbIi NPUCYTCTBYET Ha KNeTo4-
HbIX MembpaHax BCEX OPraHoB W OeNaeT TKaHu yA3-
BUMbIMU ONS BTOPXeHus Bupyca [4-7]. KneToyHas
cepuHnpoTeasa TMPRSS2 (transmembrane protease
serine 2) cnocobCTBYET NPOHMKHOBEHNIO KOPOHABMPY-
ca, pacluennss BupycHoli S-6enok n peuentop ACE2
N CNOCOBCTBYSI 9TUM CINSHWIO BUPYCa C KJIETOYHON
MeMOpaHon 1 UHTEepHaNN3aLun Brpyca B KNETKY-MU-
weHb [4]. Skenpeccusa ACE2 n npoteassl TMPRSS2 (i,
BO3MOXXHO, OPYrnxX KOPEeLenTopOoB) LWMPOKO pacnpo-
CTpaHeHa Ha KneTkax MHOMMX TKaHen, BKJo4Yas Ho-
COBble OOKaNOBUAHbIE CEKPETOPHbIE KNETKU; KNETKM
BEPXHMX AbIXaTeNbHbIX MYyTeR; anbBeONspHbIE anuTe-
NmanbHble KNETKW TUNa 2; anUTeNnanbHble KNeTKU nm-
LLeBOAA; XXENE3UCTble KNEeTKN XenyaKa; SHTepouuThbl
KULWEYHNKE; XONaHrMouuTbl; Makpodaru; MUounThbl
Cepaua U CKENETHbIX MbIWL; KJETKM MpOoKcMMalb-
HbIX KaHasnbLEB MOYEK, MOYEBOrO My3bips, MEYEHMU,
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HEPBHOWN CUCTEMbI U CETYATKK; NapueTasnbHble KNeT-
KN KJybOo4KOB; SHOOTENUasnbHble KJETKU COCYAOB
n kepatnHouuTbl [8-13]. KneToyHble nuHMM pasnny-
HOro TKaHEBOr0 MPOUCXOXAEHUS C MMMEPIKCIPeccu-
pen ACE2 ponyckatoT pasnnyHble YPOBHU MHMEKLMN
SARS-CoV-2, B OCHOBHOM BOCMPUMMYMBOCTb KJIETOK
K MHGEKUUN KOPPENUPYET C YPOBHEM 3KCMpPECccum
ACE2. Korga ACE2 n TMPRSS2 askcnpeccupytoTcs
BMECTE, 6OJSIbLLUMHCTBO KIETOYHbIX JIMHWUI CTaHOBATCSA
0YeHb BOCMNPUMMYMBBLIMU K NHeKLnmn [14].

AHanuns akcnpeccumn ACE2 B 31 TKaHu Yenoseka no
OaHHbIM npoekToB Genotype-Tissue Expression (GTEX,
leHoTun-akcnpeccusi B TkaHsix) u The Cancer Genome
Atlas (TCGA, Atac pakoBoro reHoma) obHapy»xun ca-
MYHO BbICOKYIO SKCMPECCUIO peLenTtopa B TOHKOM Ku-
LIEYHVKE, 3a KOTOPbIM CREylT MOYKW, CEMEHHUKMU,
cepaue n nerkue, WMTOBMOHAsS >Xenesa 1N >X1posas
TKaHb, CaMyl0 HU3KYIDO — B KPOBW, CENe3eHKe, KOCT-
HOM MO3re, KPOBEHOCHbIX cocydax U Mbiwuax [15].
9710 pacnpepenerHne nopTeepxpatoT S.D. Unudurthi
n coasT. [16]. YmMepeHHble ypoBHM akcnpeccun ACE2
OBHapy>XeHbl B NIEMKNX, TOICTOM KULLEYHVKE, NEYEHN,
MOYEBOM My3bipe 1 HagnovevyHukax. B cepgue yeno-
Beka akcnpeccuss ACE2 HuM3Ka B KappumomuoumTax
1 BbiCOKa B nepuumtax [17]. Okcnpeccus ACE2 B kap-
OVOMUOLMTAX 3HAYMTENBbHO MOBbILEHA Y MaUWEHTOB
C ceppeyHbiMu 3aboneBaHusMu. bonee HU3KMe ypoBHM
akcnpeccun Habnoganucb B nbpobnacrtax, aHOoTe-
NManeHbIX KNeTKax u nenkoumTax. MNprucyTcTBme aToro
peLenTopa OObACHAET LUMPOKUA CMEKTP CUMMTOMOB
n ocnoxHeHnn COVID-19, Takmx Kak notepsi BKyca
N OBOHSAHUSA, PECMINPATOPHbIE U XKENYAOHHO-KULLIEYHbIE
pPacCcTpONCTBa, a TakXXe nonnopraHHas ouchyHKUWs,
BKJIHO4as NOBPEXAEHNE cepaua, NeyYeHn, MoYeK 1 MO3-
ra [18]. UmmyHOrncToxnuMmnyeckme nccnenoBanHns nog-
TBEP>XXA,AOT, YTO TOHKUIA KMLLEYHNK SKCNpeccupyeT 60-
nee Bbicokune yposHn MPHK ACE2, 1yem nto6oii gpyroin
opraH. [1BeHagLaTMnepcTHast KULWKA, MOYKN U SUYKM
Tak>ke nokasanu CuUjibHblE CUrHabl, TOrga Kak B gblxa-
TeNbHbIX NYTAX curHan 6bin cnadbim [19].

KopoHasupyc SARS-CoV-2 ncnonb3syeT rmnkonpo-
TEUH BUPYCHOro wuna (S-6enok) ons npukpenieHus
N MPOHNKHOBEHNS B KneTky [20]. AddnHHOCTL CBS-
3biBaHuA S(spike)-6enka supyca SARS-CoV-2 ¢ ACE2
B 10-20 pa3s Bbiwe, 4em S-6enka supyca SARS-CoV
[21]. MonocTb pTa npeactaBnsAeT coboi 0gHO N3 OCHOB-
HbIX MecT uHgekunm SARS-CoV-2 n cnocobeTsyeT
nepefave Bupyca 4epes CloHy. AHanu3 aKcnpeccum
S-6enka noaTBepAM NPUCYTCTBYE BUPYCA B CIIFOHHBIX
Kenesax u cama3ucTon obonoyke nonoctu pra. Cnio-
Ha ntogen, nHpuumpoBaHHbix SARS-CoV-2, cogepxut
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anuTenuanbHble KNeTku, akcnpeccupyowme ACE2
n PHK SARS-CoV-2. [ouHamuka BblgeneHus Bupyca
N KOJIMYECTBO BUPYCHbIX YacTuL, B C/IIOHE KOPPEenmpy-
0T C Bblpa)XeHHOCTbIO cumnTomoB COVID-19, Bknto-
Yyas noTepro BKyca. [locne BbI3OOPOBMEHNS B CIOHE
obHapy>XmBarTcsl aHTUTena npotme 6enkoB SARS-
CoV-2. CekBeHupoBaHne PHK eguHW4HbIX KNETOK
(single cell RNA sequencing, scRNAseq) BbISIBAIO YHU-
KanbHOE aHaTOMUYECKOE U KNIETOYHOE pa3Hoobpasue
NOSIOCTN pTa 1 POTOrNOTKN, KOTOPOE BIUSAET Ha YyB-
CTBUTENIbHOCTb K UHeKuun. CEKPETOPHbIN SNUTENNI
CJMOHHbIX XXene3 3KCNpeccupyeT OCHOBHble (haKTopbl
BXOAa B aNuUTenui, a coBmecTHasi akcnpeccusi ACE2
n TMPRSS2 o6Hapy»eHa B CNM3UCTbIX, MPOTOKOBbIX
N MUO3NUTENUANBHBIX KneTkax. lNoarBepXgeHa wwm-
pokas aKcnpeccus (pakTopoB MPOHNKHOBEHUS BUpyca
N 3HaYMTENbHAsA NHPEKUNS SNUTENNSA MasbIX CIIIOHHbBIX
Xenes Ha a3bike, HEGE 1 CAn3nCTbIX 060M04Kax, KO-
TOpble ABAAOTCA o4daramu 3apakeHuss SARS-CoV-2.
VHeKLms CNOHHBIX XXenes n A3blka 06 bACHAET CUMM-
ToMbl COVID-19, Takne Kak CyxocCTb, BO PTY 1 USMEHe-
HMe BKYCa; OTCYTCTBUE TaKUX CYMMTOMOB OObACHAET
dheHOMEH «TuUXMX pacnpocTpaHutenen» COVID-19.
Hannune wnHduumposaHHbix Bupycom SARS-CoV-2
KJIETOK MJIOCKOrO 3nuUTenust B CloHe obecneynsBaeT
MEXaHn3M pacnpocTpaHeHus 3abonesaHus. O6Hapy-
>KEHNE OpasIbHOrO UCTOYHMKA UHMEKLMN U pennka-
umm SARS-CoV-2 B CrtoHHbIX XXene3ax U eCTeCTBEeH-
HOro KaHasjia pacnpoCcTpaHeHns Brpyca Yepes CIIoHy
nogyepknBaeT Heob6XxoaANMOCTb OOHOBPEMEHHOIO Te-
CTUPOBaHNSA OpasibHbIX U HOCOMNOTOYHBLIX Y4aCTKOB.
MpyHUMas BO BHUMaHME LOKYMEHTanbHO MOATBEp-
XXOEHHY0 opanbHyto nuHdekumo SARS-CoV-2 u ner-
KOCTb nepepadn Yyepes chnoHy, 6eccuMmntToMHas nepe-
pada SARS-CoV-2 cuntaeTtcs «axunnecoBon NATOM»
3TOM MaHAeMuu, Tak Kak SBASETCA NPUYUHON NOYTU
45% cnyyaes COVID-19. OTu gaHHble NpencTaBnsoT
ybeputenbHble [OKa3aTenbCTBa B MOAOEPXKKY YHU-
BepcasbHbIX Mep OOLLECTBEHHOIO 34PaBOOXPaHEHNS,
BKJtOYas HOLLEHUE MACOK, COLManbHOe AUCTaHLMPO-
BaHNe N MbITbe PYK AN OrpaHnyeHuss BO3OENCTBUS
noTeHuUmManbHO NHMEKLMOHHBIX a3p0o30Sen  HOMUTOB
13 nosiocTu pra [22].

B nepsyto oyepenb Brpyc SARS-CoV-2 nopaxaet
nerkue, Bbi3biBas y Yactu nauyneHtos OPOC n gbixa-
TENbHYIO HEAOCTATOYHOCTh, KOTOPbIE ABAAIOTCA OOHOW
N3 OCHOBHbIX NPUYUH cMepTy nauneHtos ¢ COVID-19
[23]. OgHako, No Mepe TOro Kak CTaHOBATCS OOCTYn-
HbIMW 1 UCCNERYIOTCA Ha HalM4me BUPYCHbIX OENKOB
unm vacTuy, obpasupl TKaHel OT NHPULMPOBaHHBIX 1/
U yMepLInX NIoLeN, pacTeT noHnMaHune, 4to SARS-
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CoV-2 MoXxeT nopaxkaTb BHeflerovHble opraHbl. Pe-
naMKaums Bupyca obHapy>XeHa B KulievHuke [14, 24,
25], nerkux, nuweBofe, neyeHn n noykax [14, 26, 27],
cepaue [14, 27, 28] n ronoBHoM mogre [14, 27, 29].
MakcumanbHoe 4ncno konmin SARS-CoV-2 Ha KNeTKy
06Hapy>XeHO B OpIxaTefibHbIX NyTsAX, a 6osiee HU3Kne
YPOBHM — B NMOYKax, NevyeHu, cepaue, roJ0BHOM MO3re
N KPOBU. DTN AaHHblEe YKa3bIiBalOT Ha LUMPOKMWIA opra-
HoTponu3m SARS-CoV-2.

[aHHble 0 nokanusauum BUPYCHbIX PeLEenTopoB
MOryT [aTb NPencTaBfieHne O MeXaHu3max MPOHUK-
HOBEHWS BUpPYCa, TKAHEBOM TPOMMU3ME U naTtoreHese
3aboneBaHns, NO3TOMY MPELCTaBSET UHTEPEC U3Y-
YeHne BO3MOXXHOI Koppensauun cumntomos COVID-19
c xapakTepom pacnpegeneHnsi ACE2. AHIMOTEH3NH-
npespatarowmin  bepmeHt (ACE) n3BecTeH CBOEeN
poSibl0 B PErynsauun apTepuanbHOro [asfeHus no-
CpencTBOM MpeBpaLleHNss fekanenTuga aHrmoTeH-
3nHa | (Angl) B aKTVBHbIN OKTanenTug aHrnoTeHsuH
(angiotensin Il, Angll) n pacwenneHns 6paguKnHuHa
1 HempoTeHsnHa. Xotsa ACE n ACE2 nmetoT 3HaunTesnb-
HYIO FOMOJIOT MO NOCIEeA0BaTENbHOCTEN B KaTanuTuye-
CKUX AOMEHax, OHW OeNCTBYIOT Ha pa3Hble NenTuaHbIe
cybCcTpaTtbl aHrMoTeH3uHOB. llccnemoBaHns reHHON
OHTOJNIOMUN BbISABUAN HOBblE [AHHblIe O MOTEeHLUMasb-
How cbmamonorudeckon ponn ACE2. MaTb Hambonee
3HAYUMbIX TEPMVHOB FEHHOW OHTONIOMMM BKJIHOYAOT
aHrnoreHes, MopdgoreHe3 KpPOBEHOCHbIX COCYAOB,
pasBuTNE COCYAMUCTON CEeTW, pas3BuTne cepheyHo-co-
CyONCTON CUCTEMbI U Pa3BUTNE KPOBEHOCHbBIX COCY-
00B. AHann3 reHHOM OHTOSIOrMU Tak>Xe YCTaHOBWI,
yTto ACE2 yyacTByeT B «kackafe KOMMaemMeHTa un Koa-
rynauum» [19]. [JencTBUTENBHO, NALMEHTbI C TSXXENON
dopmon COVID-19 yacTto MMEKT HapyLleHus ceep-
TbiBAHUSA KPOBW, KOTOPble WMUTUPYKOT CUCTEMHbIE
Koarynonartuu, Takne Kak AUCCEMUHUPOBAHHOE BHY-
TpucocygucTtoe ceepTbiBaHve (OBC) n TpomboTuye-
ckasi MukpoaHruonatusi, Ho COVID-19 nmeeT cBom
OT/IM4UTENBHBIE OCOOEHHOCTM (Bonee CuibHOE MOBbI-
lWeHne KoHueHTpauuu D-gumepa, YMEpeHHOe CHU-
)KEHME KoNM4ecTBa TPOMOOLMTOB 1 HE3HAYMTENbHOE
YAJVHEHE MNPOTPOMOUHOBOrO BPEMEHM, KOTOPOE
MOXXET OCTaTbCA He3aMe4YeHHbIM, ECNN Bblpa>kaeTcs
KaK MeXAyHapoaHOe HOPMann30BaHHOE OTHOLLEHUE)
[30]. Taknum 06pasom, aHruoreHes/MopgoreHes Kpo-
BEHOCHbIX COCYO0OB MOXHO paccMaTpuBaTb Kak eLle
ofHy npegnonaraemyto yHkumio ACE2 B fononHeHne
K ero KlacCu4eCckomn pofn Kak Kno4eBoro aHrmoTeH-
31H(1-7)-opmupytoLero epmenTa [19].

NccnepoBaHns  npoHunkHoBeHusi  SARS-CoV-2
B KJIETKY MOYTM NOJIHOCTBIO COCPefoTOoYeHbl Ha ACE2.
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Hunskne ypoBHu akcnpeccun ACE2 B kneTkax gbixa-
TENbHOrO 1 OOOHATENILHOrO ANUTENNSA YKa3blBalOT Ha
y4acTue B 3TOM npouecce KohaKTopoB, Heobxoam-
MbIX 4S9 06neryeHnss B3aMMOfLeNCcTBUA Brpyca ¢ Ta-
KMK KneTkamn. TpaHCMeMOpaHHbIi KNETOYHbIN pe-
uentop HenponunamH-1 (neuropilin receptor-1, NRP1)
npencTaBnsgeT cobon Takon (hakTop, YCUNMBAOLLMIA
B3ammopencTeue supyca ¢ ACE2 [31]. TpaHcmewm-
OpaHHas npoTteasda (ypuH pacliennseT nonHopas-
MepHbIn S-6enok supyca SARS-CoV-2 Ha pgBa cBsi-
3aHHbIX nonunentnga (S1 u S2) ¢ obpasoBaHueM
KapbOKCUTEPMUHANBHOW  aMUHOKUCNIOTHOM  Mnoche-
posatenbHocTn Arg-Arg-Ala-Arg (RRAR) Ha cy6b-
egvHuue S1, 4TO yBenMuMBaeT accouuauuio Bupyca
¢ NPR1, KoTopbIil aKcnpeccupyeTcs B pecnupaTop-
HOM 1 OBOHSTENIBHOM SNUTENUN U PETYNNPYET BUONOo-
rM4ecKue NpoLecehl, BKIKOYas POCT akCOHOB, aHr1o-
reHe3 n npoHuyaemocTb cocynoB [20]. CesA3biBaHME
SARS-CoV-2 ¢ peuentopom NPR1 yBennyusaet ero
TPONU3M 1 MHEKTUBHOCTb B KNETOYHbIX KyNbTypax
n in vivo. Cy6beanHuua S1 BupycHoro S-6eska, Hecy-
Las peLenTopcaasbiBarOLLmii foOMeH (receptor binding
domain, RBD), cesasbiBaeTcsa ¢ ACE2, B TO Bpems Kak
TpaHcMembpaHHast cybbeguHuua S2 cnocobcTeyeT
CIIMSIHWIO BUPYCHOWM 060MI04KM C KNIETOYHOI Membpa-
Hol xo3simHa. Co4eTaHne BbICOKOrO CPOoACTBa K pe-
uentopy ACE2 1 noBbileHHOro Tponuama n3-3a npu-
CYTCTBUSI MHOFOOCHOBHOIO caiTa pacLLenfieHns B ero
cnankoBoM 6efke yBenninsaet cnocobHocTb SARS-
CoV-2 nHuumpoBaTb BHENErO4YHbIE OPraHbl MO Cpas-
HEHUIO C OPYrUMN KOPOHaBnpycamu, ClefoBaTesnsHo,
BXOAHbIE PeLEenTopbl 1 NpoTeasbl NPeacTaBNaT Co-
60l NOoTeHUManbHble TepaneBTUYECKNE MULLIEHN OIS
60pbbbI ¢ nHpekumen SARS-CoV-2 [16].

Hanuune canta pacuenneHns ¢ypuHOBOro Tuna
(RRAR) Ha cTbike cybbeguHuiy S1 n S2 B S-6enke
Bupyca SARS-CoV-2, koTopbln oTcyTcTByeT Y SARS-
CoV, OOBACHSAET YCKOPEHHOE pacnpoCTpaHeHne
SARS-CoV-2. lNopobHble nocnemoBaTenlbHOCTU 06-
Hapy>keHbl B S-6enkax MHOrMX APYrux MaTtoreHHbIX
BMPYCOB 4enoBeka, BKJoyas Bupyc db6ona, BUNY-1
N BbICOKOBUPY/EHTHbIE LUTAMMbI MTUYLErO rpunna.
MpucyTtcTtBre canta pacuwenneHns RRAR y SARS-
CoV-2 npvBOAWT K MOBBILEHHOW MNaTOreHHOCTU 3a
CYET aKTMBaLMN CBA3bIBAHWUA C peLenTopamy Kie-
TOYHOW NOBEPXHOCTU. MPOLIECCUHN, ONOCPEnOBaHHbIi
dypuHom, BnmseT Ha Tponnam SARS-CoV-2 n ysenu-
YMBaeT NHPEKUNOHHOCTb. CBA3bIBaA pacLienseHHble
dypuHom cybeTpaThl, NRP1 3HaumTensHo ycunmsaet
UMTONaTUYECKYD akKTMBHOCTb Bupyca SARS-CoV-2,
OfHAKO WHMEKTMBHOCTL MyTaHTHOro SARS-CoV-2
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C U3MEHEHHbIM CaliTOM pacLuenneHns yprHoM He 3a-
BucuT ot NRP1 [31]. O6pasytowmecs npu pacLiense-
HUM 6enkn S1 n S2 oCcTalTCA HEKOBANEHTHO CBA3aH-
HbIMK C cepuHnpoTeason TMPRSS2. bnoknpoBaHue
3TUX B3aUMOLENCTBUIA, B TOM YUCJIE MHIMOMPOBaHWE
dyprHa, C NOMOLLBIO CENEKTUBHbIX WHMMOGUTOPOB
CHWXaeT NpoHnKHoBeHne SARS-CoV-2 B kneTku. Ta-
KM obpasom, peuentop NRP1 cnyxut kodakTopom
B3ammopgenctens supyca ¢ ACE2 n noteHumansHON
TepaneBTu4eckon muweHsto gna COVID-19. C nomo-
L0 MNOCIeN0BaTEIbHOMO OKpPAaLLMBaHUSA C UCMONb30-
BaHneM aHTuTen npotus 6enkoB SARS-CoV-2 (4Tobbl
pas3nnyaTb BHEKNETOYHbIE N BHYTPUKIIETOYHbIE BUPYC-
Hble YacTuLpl) ycTaHOBNEHO, 4To uctoweHne NRP1 He
BNMsieT Ha cBs3biBaHne SARS-CoV-2 ¢ NoBepXHOCTLIO
KJIETOK, HO YMEHbLLAET NHTEpHann3aumio srupyca [20].

Okcnpeccuss PHK NRP1 un ero romonora NRP2
nosbiweHa B SARS-CoV-2-no3nTUBHBIX KJIETKax Mo
CPaBHEHNIO C COCEOHUMUN HENHDULIMPOBAHHBIMU KJET-
Kamu B XX1OKOCTN OPOHX0aNbBEONISIPHOIO laBaka Ts-
»XenobonbHbIx naumeHToB ¢ COVID-19. B TkaHn nerko-
ro n oboHsTensHomMm anutenun ACE2 akcnpeccupyeTcs
Ha o4eHb HM3KUX yposHaX, a NRP1 n NRP2 obunsHo
9KCMPEeCCUPOBaHbl MOYTN BO BCEX JIErOYHbIX U 000-
HATENIbHBIX KIETKaX, C CaMbIM/ BbICOKUMW YPOBHSIMU
aKcnpeccun B aHJoTenuoumTax. B cBA3u ¢ Hapylle-
HMEM OOOHSHMSA Yy 3HAYUTENbHOW YacTy MAUWEHTOB
¢ COVID-19 n npucyTtcTteus NRP1 B 060HATENBHOM
SNUTENUN MPOBELAEH MMMYHOIMMCTOXUMUYECKUA aHa-
nun3 aytoncuin naymeHtos ¢ COVID-19. MimmyHopeak-
TmBHOCTb NRP1 06Hapy>keHa B MOBEPXHOCTHOM CJi0e
PecnMpaTopHOro N OBOHATENbHOrO ANUTENNS Yeno-
Beka. ACE2 npakTnyeckun He obHapyXuBancs B aTUX
TKaHsx. BHyTpym o6oHsTenbHoro anutenus NRP1
Habnoganca B KneTkax, MO3UTUBHbIX MO akTopy
TpaHcKpunuun onurogeHgpouutos (oligodendrocyte
transcription factor 2, OLIG2), koTOpbIi B OCHOBHOM
9KCMpeccupyeTcs MNPenecTBEHHKaMN OOOHATENb-
HbIX HerpoHoB [31].

Cunctema reHomHoro pepakTtupoBaHusi CRISPR
(clustered regularly interspaced short palindromic
repeat — crpynnupoBaHHbIe C PErysipHbIMU UHTEP-
BasiaMy KOPOTKUE NasvHAPOMHbIE MOBTOPbI) NCTMOb-
30BaHa rpynnon cneunanucToB papa KpyrnHenwmx
MegnumMHCKnx ueHTpoB CLUA Kak MHCTPYMEHT CKpu-
HUHra reHOMOB WHMUUMPOBAHHBLIX KNeTok. Kpome
reHoB ACE2, TMPRSS2 n CTSL, KogupyroLwmux Takme
N3BECTHble (HaKTOPbl MHPEKTUBHOCTM, KaK peLenTop
ACE2, npoteasbl TMPRSS2 un katencuH L, obHapy-
>KEHbl OPYrue reHbl, BAUSIOWNE HA WHMEKTUBHOCTb
SARS-CoV-2, B Tom uucne HMGB1 (high-mobility
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group box 1). TlnenoTponHbIi AgepHbIi  6enok
HMGB1, KoTopbiii CBSI3bIBAET HYKJIEOCOMbI, TpPaHC-
NOPTUPYET FeHETUYECKU matepuan n QyHKLUOHU-
pyeT Kak CeKpeTupyeMblii anapMvH B OTBET Ha BU-
PYCHYIO MHeKkuuto, perynmpyet akcnpeccuto ACE2
N VMEeET peluatolliee 3Ha4YeHne Os NPOHNKHOBEHNS
SARS-CoV n SARS-CoV-2 B knetky. lNpumeyarenb-
Ho, 4To HMGB1 perynupyet akcnpeccuto ACE2 BHy-
TPUKNIETOYHO, @ HE Yepes3 CBOK (PYHKLMIO LIUTOKUHA
UNN anapMmHa, 4TO npegnonaraet ocobbin mMexa-
Hu3m pgenctema HMGB1 npu nHpekumm SARS-CoV-2.
Hu3KoMOnekynspHble aHTarOHUCTbl UAEHTUMULMPO-
BaHHbIX FEHHbIX MPOAYKTOB NHIMOMPYIOT 3apakeHne
Bupycom SARS-CoV-2 KNneTok 4enoBeka U 06e3bsiH,
OEMOHCTPUPYS KOHCEPBATUBHYIO POSb 3TUX FEHETU-
YEeCKMX COBMAaZEeHU y pasHbiX BUOOB. OTOT Moaxon
BbISIBNSET KNETOYHble (HaKTopbl WH(EKTUBHOCTM,
perynupytowmne BOCNPUMMHYMBOCTb K KOPOHaBUpPY-
cam, n onpegenset crneuyndunyHele ans SARS-CoV-2
TepaneBTUYeCKUe MueHn [32].

ACE n ACE2 pencTBylOT Kak LMHK-MeTannonenTu-
[4a3bl, BbINOJIHASA YPaBHOBELLNBAIOLLYIO (PYHKLNIO B pe-
HWH-aHMMOTEH3NH-anbaocTepoHoBon cucteme (PAAC),
HO obnajatoT pasnnyHon cybcTpaTHol cneunguyHo-
CTblo, onpegensoLwen nx pasnnyHoie ponm 8 PAAC.
Bonbwas vacte ACE2 HaxoguTcs B HeEpacTBOPUMOIA
hopme, CBA3AHHON C KNETOYHbIMKU MembpaHamu. Kak
B pacTBOPUMOIA, Tak 1 B HepacTBopumoii popme ACE2
npespataeT Angl B aHrnoteHsnH-(1-9) n Angll B aH-
rnoteHsnH-(1-7); ACE2 B oTnmumne OT Ba30akTUBHOIO
ACE He pacwennseT 6pagukUHUH 1 HEYYBCTBUTENEH
K 00bl4HbIM MHrM6uTopam ACE. AHrMoTeH3uH-(1-7)
KOHTPONUPYET  pasfinyHble  OnacHble  MNPOLECChI
B OpraHusme, Takne Kak BOCManeHue, aHrnmocnasm
n TpPoMOO3, NPOTUBOOENCTBYET Ba30KOHCTPUKTOP-
HoMmy addekTy Angll, nposiBaseT aHTUHUOPO3HBIE,
AHTUOKCUOAHTHbIE Y aHTUrMNEPTPOMUYECKUE 3aLLmnT-
Hble CBOWCTBa 1 CMOCOOCTBYET Pa3BUTUIO aHIMOreHe-
3a B NOBPEXOEHHON TKaHU npu nHdapkTe Mmokapaa
n uHcynete [19]. Okcnpeccus ACE2, no-Bugymomy,
3almMLLaeT Nnerkne OT noBpexaeHus. Huskasa akTue-
HocTb ACE2 B nerknx cnocobCTByeT X BOCMNANEHUIO
1 ObICTPOW MHPUABTPALNUN HERTPOMUNOB, YCUIMBAIO-
Len socnaneHune. AHrMoTeH3uH-(1-9) npogeMoHCTpu-
poBan 3aluWTHOe [eCTBME Ha PEMOLENMPOBaHMe
ceppua n cocypos npu COVID-19 [10].

Benkun ACE2 n TMPRSS2 akcnpeccupytoTcs B 9H-
JoTenvanbHbIX KfieTKax, 4To 06ycnoBiMBaeT nx BOC-
npuMmynBocTb K SARS-CoV-2 B Ka4eCTBE KNETOK-MU-
weHen. ACE2 siBnsieTcsl LeHTpanbHbIM HeraTUBHbIM
perynstopom PAAC [10, 18]. lNMocne nNpOHUKHOBEHNS
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B KNneTky Bupyc yctpaHsieT ACE2 ¢ nosepxHoCTU
KNeTKKM, ocnabnseT akTUBHOCTb U 3alUTHbIE (PYyHK-
Luun peuenTtopa, 4To npueBoguT K gucbanaHcy PAAC.
CnepoBartenibHO, KPOME JIErO4HbIX MOCNEACTBUIA, Ta-
knx kak OPOC, nHakTuBauus ACE2 nveeT 60nbLLON
noTeHuman yxygwaTtb 340POBbe CeppevHo-cocynu-
cTton cuctembl [33, 34]. Huskas akcnpeccus ACE2,
Bbl3BaHHAsA pPas3NMyHbIMK NPUYMHaAMK (MOXKNION BO3-
pacT, guabeT, rmnepToHus), yBENNYMBAET TAXKECTb
nHpekumn SARS-CoV-2 [35]. 3T10 cornacyetcs
C 3NUOEMUONIONMYECKON CTaTUCTUKOW, MOKa3biBato-
e, 4To OGONbLUIMHCTBO MaLUEHTOB C CEPbe3HbIMU
n dataneHbiMU npossraeHuamn COVID-19 — aTo no-
XXWUnble JII0OU U NauueHTbl C CEPAEYHO-COCYQUCTbLIMY
3aboneBaHusimn [36]. Y naumeHToB, MHMUUMPOBAH-
Hbix SARS-CoV-2, ¢ pasimyHbiMu hakTopammn puc-
Ka, TaKMMU Kak rmnepToHUs, ceppeyHo-coCcyancTble
3aboneBaHus, guabeT n NOXWNon BO3pacT, obHapy-
xeH peduunt ACE2. Takmm o6pasom, nopasfieHune
akTmHocT ACE2 BMpycOM MOXET ObITb 0COGEHHO
BpeAHbIM ANs nofen ¢ ucxogHeiMm aeduumntom ACE2.
DanbHenwee cHmxeHne akcnpeccun ACE2 nocne 3a-
paxeHns SARS-CoV-2 MoxeT ycunutb agucbanaHc
MeXnay 3aluTHON 1 HebnaronpusaTHon posibio PAAC.
HapylieHue perynsaumum 9TON OCK B NIErKKUX NpMBOOUT
K TPOMBOTNYECKUM N BOCMNANUTENBHBIM COCTOSHNAM
[35]. MNoBbILEHHBIN Kanuitypes Kak MapKep akTmBaLlmm
PAAC MOXeT 6bITb CBsi3aH C BbICOKM ypoBHeM Angll
y naymeHtoB ¢ COVID-19 [37].

Momumo PAAC, ACE2 cBsizaH C KananKpenH-Ku-
HWHOBOW CUCTEMOWN, aKTMBaLWsi KOTOPOW MpPUBOAUT
K BbICBOOOXAEHNO GpaguKUHMHA N UrpaeT Ba>kHYHO
ponb B BOCnanutensHom npotecce. OgHa 13 pyHKLMA
ACE2 — rugponums aktuBHOro metabonurta 6pagnku-
HuHa ([des-Arg973]-bradykinin, DABK). Nocne cBa3bI-
BaHust SARS-CoV-2 ¢ peuentopom ACE2 pgns Bxoga
B KNeTKy npoucxoauT noteps pyHkummn ACE2, Bbi3BaH-
Has 3HOOLMTO30M U aKTUBaLMen NpoTe0IMTUYECKOrO
pacwenneHns n npoueccuHra ACE2 [4, 10]. HBasus
SARS-CoV-2 cHmxaeT akcnpeccuto ACE2, nogasnsieT
ero 3awmMTHble, B TOM 4YuCne NPOTUBOBOCMANUTESb-
Hble, PyHKUMK 1 yeunusaeT adekTbl Angll y nHpuum-
pOBaHHbIX nauneHToB [35, 38], mpnBoAs K IErOYHOMY
BOCMasieHnto, TPOMO0O3Y 1 OCTPOMY NOBPEXAEHNIO NO-
yek [3]. CHmKeHne ypoBHel 1 ocnabfieHne akTUBHOCTY
ACE2 13-3a BUpyCHOI nH(eKLMM NPUBOOUT K HapyLUe-
Huo nHakTmeaumn DABK, ycunennio nepenayn curHa-
NoB 4epe3 pevenTtop 6pagukuHHa B1R (bradykinin B1
receptor) n akTMBaLMmn KaniankpenH-KMHMHOBOM CUCTe-
Mbl 4epe3 B1R, 4To B CBOO 04epenb yBeENMYNBaEeT npu-
BJIEYEHME JIEMKOLWTOB M 3KCTpaBasauuio XXUOKOCTU
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B Jilerkmx. bnokuposaHme npopyKumn 6pagnkKuHUHA
NN ero PeLenTopoB MOXET OTKPbITb HOBOE Tepanes-
T4eckoe OKHO Ans nedeHuss COVID-19-accounmpo-
BaHHoro OPLC, ocobeHHO A0 Toro, kak 3aboneBaHune
nepenpeT B HeobpaTumyto ctagumio [39].

KannukpenHbl obHapy>XeHbl BO MHOMMX TKaHsAX
YesIOBEKA, B TOM YUCSIE B 3MUTESINN BEPXHUX N HIK-
HUX OblxaTeNbHblX nyTen. CyLlecTByOT ABa Knaccu-
4YecKMx NyTn ob6pasoBaHMs KMHUHOB — MIa3MEHHbIN
1 TKaHeBbINn. Cyb6CcTpaToM NNIasMeHHOro KanankpenHa
ABNAeTCsA 6pagnKUHNH, a CyeCTPaTOM TKaHEBbLIX Kasl-
JINKPENHOB — HU3KOMOJIEKYNSAPHBIA KUHUHOTEH, Npu-
BOASALLMIA K 06pa3oBaHnio gekanentuga nuannbpapu-
KHUHa (kannuguHa). NMocne akTnBauun dhaktopa FXlla
KanJvKpenH nnasmbl pacliennset 6pagnknHuH, Bbl-
cBoboXxgas HoHanenTug 6paanknHH-1-9. Bo Bpems
BOCMNafieHnsa nnasmunH yCunmnBaeT pacliennieHve bpa-
OVKUHVHA KanMKpPenHoM nnasmbl. KananguH n ero
akTuBHbIN mMeTabonnt DABK cBsasbiBaoTCS C OBYMS
pasHbIMK peuenTopamMu: KannuanH SBAseTCsA Nurax-
nom peuenTtopa B2 (B2R), DABK — 0CHOBHOW aroH1CT
peuentopa B1R. B2R KOHCTUTYTNBHO 3KCcnpeccupyeT-
CH B KNeTKax MeKonuTarLmx (HanpumMep, aHgoTenmn-
aNbHbIX 1 rNaAKOMbILIEYHbIX KNeTKax), Toraa Kak akc-
npeccust BIR B OCHOBHOM NMHAYLMPYETCS LIUTOKNHAMM
BO BpeMs UHMeKunin n mMmmyHonatonorun. Yepes
B2R 6paguKnHUH akTUBMPYET CUrHasbHble MyTU, YTO
NPVBOONT K PACLUMPEHUIO U YBEIMYEHNIO MPOHMLae-
MOCTW COCYAOB, Pa3BUTUIO OTEKOB, MMNOTOHMK, 605u,
JIMXOpagkKe — TUMUYHBIM KJIMHUYECKMM MpU3HaKam
COVID-19. BpagnknHUH SBNSETCA OOHVMM W3 CaMblX
MOLLHbIX MeAMaToOpOB BOCMNasieHnsl, CNoCobHbIM CTU-
MYNMpoBaTb NPOAYKLMIO CYyNepOKCUOHbIX paankanos,
okcumaa asoTa, rmcrtamvHa, apaxmgoHOBOW KMCAO-
Tbl, NpocTarnaHguHa E2, npocrayuknnHa, socnanu-
TENbHbIX UUTOKMHOB, TakUX Kak UHTEPNenkuHol 1 1 6
(interleukin, IL-1, IL-6), hakTOp HEKPO3a ONyX0onu asb-
¢a (tumor necrosis factor, TNF-a), n TKaHEBOro akTu-
BaTopa nnasmuHoreHa (tissue plasminogen activator,
t-PA). O TecHol cBSI3N KaNIMKPENH-KNHUHOBOW CU-
ctembl 1 PAAC cBupeTenbCTBYeT TOT hakT, 4To B2R
06pasyeT romMo- 1 reTepoaMEpPbI C HECKOJTbKMU pe-
uentopamu PAAC, yyacTBytoLme B perynsiLmm HeKo-
TOPbIX (PU3NONOrNYECKNX (PYHKLMIA, BKIOYaa pery-
naumio pucka Tpombo3sa. B1R onocpenyeT HECKONbBKO
peakuuin, BKAKYas BasogunaTauuto, rUMNOTOHUO
1 NMOBbILLEHHYIO MPOHULLAEMOCTb COCYA0B — BCE 3TO
TUNNYHblIe ocobeHHocTn COVID-19. Y nHdbuumnposaH-
HbiXx BupycoM SARS-CoV-2 niopeli nosbilleHa 3KC-
NPeccusi reHOB KaJlIMKPENHOB U peLenTopoB 6paau-
KnHuHa [40].
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Ha ponb 6papukmHiHa B natoreHede COVID-19
YKasblBalOT HEKOTOPbIE KJIMHNYECKMNE OCOBEHHOCTH,
Habntogaemble y nauueHTtoB. F.L. van de Veerdonk
1 coarT. [41] nonaratoT, YTO aHFMOHEBPOTUYECKU OTEK
NErkmx M3-3a akTuBauun peuenTopoB OpagunKuHUHA
B1R n B2R Ha sHOoTenmanbHbIX KNeTkax Nerkux sie-
nAeTcsa BaxXHOW ocobeHHocTbio COVID-19 n yto 6s10-
KMpOBaHME 3TUX PELEenTOpPOB U MHIMOMpOBaHME aK-
TVBHOCTM N1a3MaTUY4ECKOro KasiMkpenHa Ha paHHuX
cTagusax 3abonesaHus MoxeT npepoTtepatute OPAC.
B otnnune ot B2R, peuentop B1R Ha aHgoTenuouuTax
aKTVBUPYETCHA MPOBOCMANUTENBHLIMUA  LIUTOKMHAMU.
MoTeps akTBHOCTN ACE2 npn OCTPOM NOBPEXAEHNN
Nerkmx npmeBoauT K ycunexHuto B1R-3aBucumoro cur-
HanunHra, MOBbILWEHUIO COCYQUCTOW MPOHULAEMOCTH
N aHrMOHEBPOTNYECKOMY OTEKY. AHIMOHEBPOTUYECKNIA
OTEK ABMISIETCA CUMMTOMOM Y>XE paHHen ctagum 3abo-
NEBaHNSA 1 MOXKET OOBACHUTL TUMUYHbIE KOMMbLIOTEP-
Hble TOMOrpaMmbl U OLLYLEHNE NALMEHTOB, YTO OHU
TOHYT. ¥ HEKOTOPbIX MNAUNEHTOB 3TO CONPOBOXAAETCSA
KJIMHUYEeCKUM 060CTpeHnEM 3aboneBaHns npumep-
HO Ha 9-I1 OeHb 13-3a 06pa30BaHUs aHTUTEN NPOTUB
S-6enka KopoHaBupyca, 4TO MOXET CnocobCTBOBaTb
nporpeccrmpoBaHnio 3aboneBaHnss 3a CYET MpUTOKa
UMMYHHbIX KNETOK 1 MPOBOCMANUTENbHbIX LNTOKUHOB.
MapannensHO BOCNaneHWe BbI3bIBAET YCUNEHUE 3KC-
npeccun B1R, KOTOpoe NpnBOAUT K NPOAoSKatoLLEen-
cs gucyHkumm ACE2 B nerkmnx ns-3a nepcucTeHumm
Bupyca. lNpu aToM KnyeBasi posib 0TBeAeHa bpaau-
knHUHY 1 DABK. PAAC CTpOro KOHTpOIMPYeT KUHNHO-
Byto cuctemy. ACE pacwennsiet 6pagnknHmH, a ACE2
pacwennset DABK. Takum o6pasom, ACE n ACE2
OENCTBYIOT KakK perynsatopHble TOpMO3a B KUHNHOBOW
cucteme. Korga ACE2 coegunsietca ¢ SARS-CoV-2
N UHTEPHANN3NPYETCSH B KNETKY BO BPEMS MHEKLNM,
BHEK/ETOYHbIE YPOBHU U PYHKUUM (DEePMEHTA CHU-
>KalTcsl, B pesysibtate OpaguKUHUHOBBIA CUMHAMHT
nepexoguT B pexxum neperpysku [40].

OTOT MonekynsipHbIn mexaHnam COVID-19, nony-
YMBLUNI Ha3BaHWe «OpaanKMHUHOBBIN LUTOPM», 06ec-
neynBaeT TOYKU TepaneBTUYECKOro BMELLATENbCTBA,
KOTOpPblE MOrYT ObITb YCTPaHEHbI C MOMOLLBIO CyLle-
CTBYIOWNX (hapmaueBTU4ECKMX MpenapaToB, 0[0-
OpEHHbIX YMNpaBfeHneM Mno CaHUTApHOMY Ha[30py
3a Ka4eCTBOM MULLEBbIX MPOAYKTOB 1 MEANKAMEHTOB
CLUA (Food and Drug Administration, FDA). Hanpu-
Mep, nkatnbaHT (Toprosas mapka Firazyr) npencras-
nset coboil aHTaroHUCT OGpaAVKUHMHOBBLIX peLen-
TOPOB. DKaNfNaHTUA, MULLEHBID KOTOPOro SBNSETCH
KannvKpevH, nogasnsieT MPOAyKuuo GpagnkuHmiHa.
AHann3 aKCMpPeccumn reHoB B KJIETKax 6poHxoanbBe-
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onsipHoro naesaxka nauueHtTos ¢ COVID-19 BbisiBnsieT
Kputudeckunin gucbanaHc B PAAC, npencTaBieHHbIN
CHxeHnem akcnpeccun ACE B codeTaHum C yBenu-
yeHmem akcnpeccun ACE2, peHuHa, aHrmoTeH3unHa,
knto4eBbIx peuentopoB PAAC u KannumKpenHoBbIX
hepmeHTOB, a TakXXe 060MX peuenTopoB Opaankun-
HMHA. OTOT HeTunu4yHbii natTepH PAAC nosbiwaet
YPOBHN OpaAVKUHUHA BO MHOIMMX TKAHSAX M OpraHax
N BbI3bIBAET MMNOTOHWUIO, Basogunatauuio u yesenu-
YyeHne npoHMLaeMOCTu cocynoB. BbidBaHHOe 6pa-
OVKWHUHOBBIM ~ LUTOPMOM  UCTEYEHUE  XKUAKOCTU
B Jlerkne B COYeTaHun C n36bITKOM rmanypoHOBOM
KMUCNOTbl NPUBOANT K 06pa3oBaHuMio reneobpasHoro
BELLEeCTBa, KOTOPOE HapyLlaeT ra3oobMeH B Nerkunx
nauneHToB ¢ Tsxenonn COVID-19. Takum obpaszom,
OpafUKMHNHOBBIN LUTOPM MOXET OblTb OTBETCTBEH-
HbIM 3a Hanbonee cepbesHble cumnTombl COVID-19.
ABTOpbI cunTatoT, 4To natonorus COVID-19 ssnsaetcs
pe3ynbLTaTtoM cKkopee 6paAnKUHNHOBOIO, HEXXENN Ln-
TOKMHOBOrO LUTOPMA (XOTS 3TU ABa SBNIEHUS HE SB-
NSI0TCA B3aMMOUCK0YaoLwmmm) [42].

MMMYHHASA CUCTEMA

HapyweHue perynsiyum MMMYHHbIX OTBETOB

npu COVID-19

SARS-CoV-2 MOXeT nHayumpoBaTb MMMYHHbIA OT-
BeT B ABe ¢asbl: (1) paHHWIA cneumduryecknini npnoob-
PETEHHbIN MMMYHHBI OTBET ANS YHUYTOXEHNS BUpyca
1 MOLABNIEHNsI NPOrpeccmpoBaHns 3abonesBanns 1 (2)
HEKOHTPOJIMPYEMOE BOCMANEHNe Kak MEeXaHu3Mm, OT-
BETCTBEHHbIN 3a pasdsutne OPOC. VHdekuns SARS-
CoV-2 3anyckaeT MeCTHbI MIMMYHHbIN OTBET, BKJIKO4as
NPUBAEYEHNE KNETOYHbIX MNOMNYNALUUA BPOXAEHHO-
ro MMMYHUTETA W FEeHepauuto BUPYCOCNELMUPUYHBIX
afanTuBHbiX B- 1 T-KNeTOYHbIX OTBETOB, KOTOPblE
B 60/bLUNHCTBE C/ly4aeB paspeLlaoT UHPEKLMIO C MU-
H/MasbHbIM BOCMANEHNEM U MOBPEXAEHNEM NETKUX.
B TeueHmne Tpex Hepenb Nocne NOSABAEHNSI CUMNTOMOB
BCE MauUeHTbl JAlOT MOMOXUTENbHBIA Pe3ynbrar Ha
AHTMBUPYCHbIA MMMyHOrnobynuH G (immunglobulin,
IgG); cepokoHBepcusa Ha IgM n IgG moxeT npowuc-
XOAUTb MOCNe[oBaTeNlbHO MU OfHOBPEMEHHO [12].
BonblWMHCTBO Nlofen GbICTPO BbI3AOPABANBAOT OT
COQOVID-19, BbipabaTtbiBas aHTUTENA K 3TON NHPEKLUN.
OpHako MefneHHast peakuus IMMYHHOM CUCTEMbI MO-
XKET UMETb (haTasbHble NOCNEACTBUSA, NOSTOMY ryMO-
panbHbIi OTBET HE WCKNoYaeT cmepTb. Pewaroulee
3HaYyeHne Onsa npPorHo3a UMeEeT CKOPOCTb 3apakeHus
1 IMMYHHOro oTeeTa [5].

AKTMBaLMs VMMYHHOW CUCTEMbI W BbIpaboTka
BOCMaNUTENbHbIX LUTOKMHOB HEOBXOAUMbI O ecTe-
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CTBEHHbIX MNPOTUBOBUPYCHbIX WMMYHHbIX OTBETOB.
Bupyc pasMHOXXaeTcst U nopaxkaeT TKaHu npu Head-
(heKTUBHBIX UMMYHHbIX OoTBeTax. CesAsbiBaHne SARS-
CoV-2 c¢ peuentopom ACE2 u pennvkauusi Bupyca
B KNETKax JIerknx NpuBogsaT K anontosy anutenvanb-
HbIX W 3HOOTENManbHbIX KNETOK, MMPONTO3y NMMdo-
LUMTOB 1 Makpodaros, TpaHCCygauuym 1 BOCManeHuo
B HWKHUX OpIXaTeNlbHbIX MYyTSX, KOTOPOE 3aryckKaeT-
CS aHTUreHnpeseHTupyrowmumy Knetkamu [43]. Bu-
pyC MPOHMKaeT B Makpodaru, n OHW NpencTaBnsioT
BUPYCHbIN aHTureH T-numdoumtam CD4+, BbicBOGO-
xpas IL-12 pna panbHenwen aktnBauumn T-xennepos 1
(Th1). AkTmBMpOBaHHble Th1-KNeTkn CTUMynMpyoT
B-numdounTbl K BblipaboTKe aHTUreHcneumnduyHbIX
aHTUTEN W LUTOTOKCUYECKUE  T-KNETKU-KUEpPSI
CD8+ npoTMB MHMULMPOBAHHBIX KNETOK-MULLEHEN,
cogep Kallimx BUPYCHbIN aHTureH [44]. T-knetkn CD8+
o6nafatT UMTOTOKCUYECKMM 3(PMEKTOM Kak nps-
MOro AEeNCTBUSA, TaK 1 3a CYET NMPOLYKUUM MPOBOC-
nannTenbHbIX LUWTOKUHOB. Y naumeHtoB ¢ COVID-19
YPOBHMN LIUTOKNHOB 1 XEMOKMHOB MOBbILLEHbI. OgHaKo
runepakTuBauusa MMMYHHOW CUCTEMbl BO BPEMS WH-
dekunm COVID-19 npuBOAMT K PE3KOMY YBENNYEHNIO
LUMPKYMPYIOLWNX YPOBHEN NpOBOCNANUTENbHbIX LUu-
TOKWUHOB — LIMTOKVHOBOMY LUTOPMY, KOTOPbIA KAUHU-
YECKUN XapaKTepu3yeTCs CUCTEMHbIM BOCMaNEHUEM,
rmnepeppuTUHEMIMEN, HapyLUEHNEM FEMOANHAMUKM
N NONMOpraHHOM HepocTaTovyHOCThio [3]. LIMTOKMHO-
Bblll LUTOPM CTUMYAIMPYET HEKPOS3 UK anonTo3 T-num-
ounToB, OCOBEHHO B Cny4vasix TSHKENOro Te4YeHus
3aboneBaHns. CnepoBaTenibHO,  HEOrpaHMyYeHHoe
BOCMasieHne BPeouT KIIMPEHCY BMpYyca, CNOCOOCTBYSA
uctoweHuo T-knetok CD4+ n CD8+ [45, 46]. SARS-
CoV-2 MOXeT Hanpsmylo MHPUUMPOBaTb U pensv-
umposatbcsa B B- u T-numdouuntax, 3anyckas B HUX
anonTo3 [47], 6onee BblpaXKeHHbI B T-kneTkax CD8+
[48]. Bo Bpemsi nHdekumnm SARS-CoV-2 y nauneHToB
HabNOATCA CUCTEMHbBIE CUMMTOMbI Pa3/IYHON CTe-
MeHN THKECTU, KOTOPbIE CBSA3aHbI C arpecCUBHOM BOC-
nanuTenbHOW peakuunel n BbICBOGOXXAEHNEM BONbLLO-
ro KOMM4YecTBa MNPOBOCMANNTENbHBIX LUTOKMHOB.
Y nauneHToB C TSXKeNoW N CpedHeTsKenon popmon
COVID-19 noBebileH ypoBeHb UMpKynupyrowmx 1L-1p,
IL-2, IL-6, IL-7, IL-8, IL-9, IL-10, IL-15, IL-18, FGF, G-CSF,
GM-CSF, IFN-y, IP-10, MCP-1, MIP-1a, MIP-13, PDGF,
TNF-a n VEGF. ViccnenosaHus, aHanusnpyoLLme npo-
rnm umTokmMHoB y nauneHTos ¢ COVID-19, nokasanu
NPSAMYIO KOPPENaunio Mexay UUTOKUHOBLIM LUTOP-
MOM U nospexaeHnem nerknx, OPOC, nonnopraHHoM
HELOCTaTOYHOCTBIO 1 HEBNAronpuATHLIM NMPOrHO30M
[49-53].
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Mpwn ancperynmpoBaHHbIX UIMMYHHBIX OTBETax nps-
Mol umTonatudeckuin adcpekt SARS-CoV-2 MoxeT
Bbi3blBaTb MMPOMTO3 — HanMboNee WMMYHOrEHHYIO
N BbICOKOBOCMANNTENbHYO (hOPMY NPOrpaMMrpOBaH-
HOW rMBenn KNeTok C BbICBOOOXKAEHNEM SHOOMEHHbIX
cuUrHanoB onacHocTy (Hanpumep, BupycHon PHK), ko-
TOpble pacno3HatTcsa Mmakpodaramu, anuTennasnbHbl-
MU 1 SHOO0TENNaNbHbIMU KNeTkamu. Bo3HrkaeT kackap,
MECTHOrO BOCMasieHUs, XapakTepPU3yLLNICA Cekpe-
unelnn NpoBOCMANUTENBHBIX LIMTOKMHOB U XEMOKMHOB
N NpuBAIEYEHNEM MOHOLMTOB, Makpogaros n T-num-
oumnToB, KOTOpbIE OnocpenytoT OBLUMPHYKO MaTtono-
rvio, JocTuratoLyo KynbMuHauum B suge OPOC [12].
LIMTOKMHOBBI LUTOPM BbIIMBAETCSA B KPOBOTOK, O YEM
CBUOETENLCTBYIOT BbICOKME CbIBOPOTOYHbIE YPOBHM
BOCNanuUTeNbHbIX LMTOKMHOB IL-6, IL-8, IL-17, G-CSF,
GM-CSF, IP10, MCP1, MIP1a, TNFa 1 XemMOKMHOB
CCL2, CCL3, CXCL10 y nauneHTOB C TS>Xenon hopMon
COVID-19, KOTOpPbI MOXET MPUBECTU K CENTUYECKOMY
LWOKY M MOAMOPraHHon HepocTaTovHocTu [48]. lMpo-
BOCNanuUTENbHbIE LUUTOKUHBI TaKXe MOryT Bbi3biBaTb
CUHAPOM MOBbILLEHHON NPOHULAEMOCTU Kanuanspos,
Tpom603, ABC-cnHapom [54]. AKTrBaums Makpodaros
LUUTOKUHaMU NPUBOLMUT K 3pUTPOdarounTosy, aHemuu,
HapyLLEeHWI0 COCYAMCTOro remocTasa v noanmopraHHom
HepocTaTtoyHOCTY [55].TshHKenoe NOBPEXAEHNE NErKNX
y HekoTopbIx nauneHToB ¢ COVID-19 o6bsicHsieTcs ru-
nepakTusauueinn nposocnanuTenbHblx Th17, BbICOKO
LUUTOTOKCUYHOCTBIO T-knetok CD8+ U HU3KUM ypOB-
HeM MHTepdepoHoBoro oteeta Ha SARS-CoV-2 [49,
56]. HezaBncumMo OT Toro, SIBASIETCSA M LUTOKNHOBbIN
LUTOPM 4acCTbl0 CUHAPOMA BbICBOOOXOEHMS LUTOKU-
HOB (cytokine release syndrome, CRS) nnu BTopunyHO-
ro remodarounTapHoro nMMAGOrncTNOLNTO3a, Takxe
Ha3blBaeMOro CUMHOPOMOM akTuBauum makpogaros,
pesynsTaToM SBNSETCH CTONKOE MOBbILEHNE YPOBHEN
BOCNaNNTENbHbIX LIUTOKNHOB [52].

Cuutaetcs, 4to gnsa 3aPEHEKTUBHOrO KOHTPOS
nHdekunn SARS-CoV-2 Heobxoaumbl KakK LMTO-
TOKCMYECKME, TakK W rymopasbHble afanTuBHbIe
peakuun. BupyccneuyndudHble T-KNETKU UMEKTCHA
y GONbLUMHCTBA MaLMEHTOB, U BENIMYMHA AHTUTEH-
cneum@uyHbix T-KIETOYHbIX OTBETOB HEe CBs3aHa
C TsKecTblo 3abonesaHus. OgHaKo y HEKOTOPbIX na-
LUVEHTOB NHAYLMPYETCSA Ype3MEPHbIA BbIOPOC LUTO-
KVHOB MO HEU3BECTHbLIM B HACTOsLLEE BPEMS NPUYA-
HaMm, YTO BbI3blBAET LUTOKNHOBbLIA LUTOPM, KOTOPbIN
NPUBOOUT K TSXENOMY nopaxkeHuto nerkux n OPOC
[57]. B koHe4HOM uTOre, B 70% neTanbHbIX NCXOLOB
CMepTb BbI3BaHa AblXaTeSIbHOW HELOCTaTOYHOCThIO
n3-za OPOC n B 28% — nonuopraHHon HepocTa-
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TOYHOCTbIO, CBSI3aHHOW C CencumconogobHbIM LUTO-
KWHOBbIM LUTOPMOM [58].

LINTOKMHOBBIN  LITOPM CBA3aH C runepsocna-
NNTENbHLIM  MOBPEXAEHNEM OpraHoB BO BpPEMS
COVID-19. Viccnepoanusa naynertos ¢ COVID-19 Bbi-
ABUIN B3aUMOCBSI3b MEXAY TSXKECTblo 3ab0neBaHust
N MPUTOKOM KJIETOK BPOXXAEHHOrO MMMYHUTETA U BOC-
nanuTenbHbIX UUTOKMHOB [50, 56, 59]. Kpome TOroO,
nHpuuymposaHHole SARS-CoV-2  MOHOHyKJeapHble
KNEeTKN nepudepuyeckort KpoBmu OT 340POBbIX OOHO-
POB MoOKasanu MOBbLILLEHHYO MPOAYKLMIO NpoBocna-
JINTENbHBIX LUUTOKUHOB. [MOHUMaHWE MONEKYNSPHOro
nyTu, no Kotopomy SARS-CoV-2 Bbi3biBaeT runepak-
TVBHYIO BOCNANUTENbHYIO PeakLmio, UMeeT peLuatoLLiee
3Ha4yeHue gns pa3paboTKy apPeKTUBHbIX TepanesTn-
YecKMx nogxofosB. HW OaMH M3 LUWTOKWHOB WMHOWMBU-
OyanbHO He MHAyumpyeT rmbenb mMakpodaros gaxke
B 10-kpaTHon koHueHTpauun. OpHaKo LMTOKMHOBBGIN
kokTennb-1 (IL-6, IL-18, IFN-y, IL-15, TNF-q, IL-1q, IL-1P
1 IL-2) nHayumpyeT ee. 3TO O3HAYaET, YTO AN KNEeTou-
HOWM rmbenn Heobxoauma CUHepruyeckas nepepada
UMTOKNHOBLIX CUrHanoB. YTobbl ngeHTndbuumposaTb
LUMTOKUHBI, Y4aCTBYOLLME B 9TON CUHeprun, 6biam nc-
MblTaHbl BCEBO3MOXKHbIE COYETaHUSA OBYX LUTOKUHOB.
N3 28 wcnbiTaHHbIX nap Tonbko komb6uHaums TNF-a
n IFN-y BbI3blBaeT rnbenb KNETOK B TaKOW XXe cTene-
HW, Kak KokTelnnb-1. O6paboTka KNETOK KOKTENNEM-2,
B KoTopoM oTcyTcTBYOT TNF-a u IFN-y, He npuBoant
K aHanornyHblM ypoBHSM ux rnéenun. TNF-a n IFN-y
MOryT CUHEeprnyeckn B3aMMOLENCTBOBaTb C KOKTEN-
nem-2, BbI3biBas rmbenb knetok. OpgHako pgobaBne-
H1e TNF-a nnmn IFN-y no oTAenbHOCTN K KOKTEnso-2
He NPUBOAMMO K rMbenn KNeTok, YTo AOMOMHUTENIbHO
noaTBepXaaeT, 4To cuHeprua mexay TNF-a n IFN-y
NUMEET peLuatoLLiee 3HaYeHne O MHAYKLN KNIETOYHOM
rn6enn. KombuHaums TNF-a ¢ IFN-a, IFN-B unn IFN-A
He Bbl3Basia BbICOKMX YPOBHEN rmbenu KNeTok, T.e. Ans
koopanHaumn ¢ TNF-a BaXkeH curHanuHr umeHHo IFN
Tna Il. KnHetnka kneTo4Hom rubenn, NHAyLMpOBaH-
Hoi kocTumynsauuen TNF-a n IFN-y, nponopumnoHans-
Ha X KOHLEeHTpaunsm. KombrHnpoBaHHas NpoayKums
TNF-a n IFN-y nHpyumpyeT rnbenb BocnanuTesbHbIX
KJIETOK MyTEM MMPOMTO3a, anonTo3a W HEeKponTo-
3a. CurHanbHas ocb STAT1 (signal transducer and
activator of transcription 1) / IRF1 (interferon regulatory
factor), akTuBMpoBaHHAs COBMECTHbIM LENCTBUEM
TNF-a n IFN-y, akTuBMpyeT 3KCNpPeccuo uHZyuu-
6enbHO HuUTpookcuacuHteTasbl INOS (nitric oxide
synthase 2, NOS2) n npogykuuto okcuga asota (NO).
®dapmMakonornyeckas u reHetTuyeckas geneuus aTo-
ro NyTW MHIMBMPYET NMPONTO3, anonTo3 N HEKPOMTO3
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B Makpodarax 1 3almiiaet ux oT UHAYLMPOBaHHOMO
TNF-a n IFN-y netansHoro UMTOKMHOBOIO LLOKA.

HenTtpanusauuns in vivo TNF-a n IFN-y B mogensx
3aboneBaHnii, CBA3aHHbIX C LUUTOKMHOBbIM LLUTOPMOM,
obecrne4yrBaeT CYLECTBEHHYIO 3alMTy OT MHGEKLNN
SARS-CoV-2, cencuca n remodaroyuTapHoro Jsimm-
dornctmounTosa. bnokaga curHaneHoOro nyTu Bocna-
JINTENbHOW rmMbenn KNeTok, MHAYLMPOBAHHON BUPYCOM
SARS-CoV-2, MOXeT NpWHECTU Nofb3y nauneHTam
¢ COVID-19 u cuHgpomMamu, BbI3BaHHbIMU LUTOKU-
HOBbIM LUTOPMOM, 32 CYET OrpaHuU4eHnss BocnaneHus
N NoBpexXaeHns TkaHei. NonyyeHHble gaHHbIe npen-
CTaBNSAT MONEKYNAPHOE OMMCaHe TEPMUHA «LIUTO-
KWHOBbIA LUTOPM>» 1 OTKPbIBatOT HOBbIE BO3MOXXHOCTH
0N neyYeHns opyrmx NHPEKLUMOHHbIX, ayTOMMMYHHbIX
N OHKOJIOrMYEeCKNX 3aboneBaHuii, B KOTOPbIX CUHEpP-
s TNF-a n IFN-y nrpaet Knto4eByto NaTonornyeckyto
ponb. OTU [aHHble MOAYYUSIM 3SKCMEPUMEHTasIbHOE
nogreepxpaeHue. B mbiwmHon mogenn TNF-a+IFN-y-
WHOYUMPOBAHHOMO LUOKA, KOTOPbIA UMUTUPYET CUMM-
ToMbl COVID-19, BBEgeHME He OOHOrO, a TOJIbKO KOM-
6uHaumn TNF-a n IFN-y npmBognT K CvHEeprnyeckon
CMEPTHOCTU. Y 3TUX MbIIEN OTMEYEHbl YCUNEHHbIN
NPUTOK BOCMANUTENIbHLIX KJETOK B COOCTBEHHYIO
NAIaCTUHKY KULLIEYHUKA U HaKoMneHue HenTpodunos
B Kanunnspax nerkoro. KomouHaums TNF-a n IFN-y
BbI3bIBAET MOBPEXAEHNE NErkKUX N KULIEYHMKa, ak-
TUBMPYS MeamaTopbl anonTo3a B KULWEYHbIX KpuaTax
N Nerkux mbiwen. KnetoyHas rmbenb, onocpenoBaH-
Has kacnason-8 n STAT1, aBnseTcs OBVXKYLLEN CUTON
netanbHOCTW y Mbiwen, noaseprwmxcs TNF-a+IFN-y-
UHOYLUMPOBaHHOMY LMTOKUHOBOMY LUOKY. [ofasneHne
rnbéenn BoCcnanuTeNbHbIX KJIETOK YNPaBnsgeMOn OCbio
STAT1/kacnaza-8 npepgotepawaer  TNF-a+IFN-y-
0OnocpefoBaHHY NAaTONOMMI0 Y CMepPTb in vivo. Meiwn,
KOTOPbIM MHBELMPOBANW HENTPaNu3yloLwmne aHTuTena
npotus TNF-a u IFN-y, Ha 100% 3aLuuLLleHbl OT CMePTU
Bo BpemMs TNF-a+IFN-y-nHayumpoBaHHOro LokKa, T.e.
3Tn aHTuTena addekTMBHO HemTpanusosanam TNF-a
n IFN-y in vivo B mogenn COVID-19 [60].

OpHUM 13 MEexaHU3MOB, CBA3bIBAIOLLMX LIMTOKM-
HOBbI LUTOPM C MOBPEXAEHUEM OpPraHoB, SIBNSETCA
rmbenb KNeTok MyTemM NMPOMTO3a, anonTo3a U He-
KponTosa. [nponTo3s ocylecTensaeTca 6enkamu ce-
MeWCTBa racaepMrHOB Yepes3 OnocpefoBaHHOE Kac-
nazamn 1/4/5/8/11 paclienneHne nopoobpasyoLLen
Monekynbel racgepmmvHa D (GSDMD); unn onocpepno-
BaHHOe rpaH3MMoM A paclienneHve racgepmuHa B
(GSDMB). AnonTo3 ocyLlecTBnsieTca kacnasamu 3/7
nocne akTuBauuMm WHULMATOPHbIX Kacnas 8/9/10.
HekponTo3s ocyulecTtBnsietcss ¢ nomowbto RIPK3(re-
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ceptor-interacting serine/threonine protein kinase)-o-
nocpenoBaHHOW OnMromepusaun gpyron nopodop-
mMupytoLlern monekynbl — MLKL (mixed lineage kinase
domain-like), KOMMOHeHTa «HEKPOCOMbI» (MPOTENHO-
BOr0 KOMMJIEKCA, KOTOPbIA 3anyCKaeT MHAYLMPOBaH-
Hyto hakTopom TNF rubenb knetok). MNnponTos u He-
KpOMTO3 NOEHTUMMLNPOBAHbI Kak TTU4eckmne opmel
BOCManNTENbHON rMBenn KNeTok, KoTopble BbICBOGO-
XKOAKT UUTOKUHBI U APYrre KNeTOYHble (pakTopbl, YTO-
Obl BbI3BaTb BOCMANIEHNE 1 NpeaynpeanTb UMMYHHbIE
KJIETKN O MaTOrEHHOM WU CTEPUSIbHOM MOPakeHuu,
B TO BPEMS KaK KJIaCCUYECKUA anonTo3 UCTOPUYECKM
CYMTAETCH HEUMMYHOIEeHHbIM, NMO3BOMISIOLLM KNEeTOY-
HOMY COOEPXXMMOMY MOroWwarbCa U MNOBTOPHO WUC-
nosib30BaTbCsa ApyrumMu knetkamu. OgHako B 3aBUCK-
MOCTW OT CTUMYNa MOryT 06pa3oBbIBaTbCHA OOLLMPHbIE
NepeKpecTHble B3aMOLENCTBUS MEXZY MMPOMTO30M,
anonTo30M 1 HEKPOMTO30M C OOLLMM Ha3BaHMEM «Ma-
HonTo3» (PANoptosis), KOTopbIn sSiBNSIETCA BOcnanu-
TeSlbHbIM MO CBoei npupoge. ViIMeHHO noaTomy onpe-
JeneHne npupopsl rnbenn KNeTok, UHAYLMPOBaHHOM
kombuHaumen TNF-a n IFN-y, n ncnonb3osaHue re-
HETMYECKMX AaHHbIX ON8 aHanM3a akTUBMPOBAHHbIX
CUrHasIbHbIX MyTel U MONEKYNSAPHbIX MEeXaHW3MOB
NUMEIOT BaXXHOE 3HaYeHre 0N onpeaeneHus Tepanes-
TUYECKNX MULLEHEN. Y NaLMEHTOB C TS>XKeNon opmon
COVID-19 n B makpodarax, obpaboTaHHbIX in vitro
TNF-a n IFN-y, akTuBMpoBaHbl reHbl, KOQMpyoLwme
dakTopb! IRF1, IRF5, IRF7, n curHanbHas npoTeunH-
knHaza JAK2 (Janus kinase 2). MI3BeCTHO, 4TO KuHa-
3a JAK2 nepepaeT curHan TpaHCKPUNUUOHHBLIM (hak-
Topam STAT1 un IRF1, akTuB/PYIOLWMM TPaHCKPUMLUO
IFN-y-nHayunbensHbIX reHoB. Makpodaru, nuweHHble
STAT1 n IRF1, 3awmiieHbl OT rmbenn, Tak Kak B HUX
HapyLLeHbl akTuBaumMsa anonTo3HbIX kacnas 3/7/8, nu-
ponTo3Hoi Monekynbl GSDME, HeKponTo3Hol Mone-
kynbl MLKL, a Takxe akcnpeccus iNOS v npogykuums
NO [60].

R. Karki n coasT. [60] npepnoxxunm HoBYO Napagur-
My OJ151 ONpefeneHnsa MexaHn3ma LTOKMHOBOrO LUTOp-
mMa. Cpean LUMTOKMHOB, MHAYUMpOBaHHbIX COVID-19,
TNF-a n IFN-y urpatoT K/lo4eBYIO ponb B NOBpexae-
HUW XKN3HEHHO BaXKHbIX opraHos. bnokuposaHue IL-6
[aeT HEOLHO3HAYHbIE KJIMHUYECKUE pe3ynbTraThl; 6,10-
KNpOBaHne Apyrux LMTOKMHOB TaK>Xe MOXET OKa3aTb-
cs Hea(phekTMBHbIM. XOTS NOAAaBIEHNE KIIETOYHOW
rnbenn B KOHTEKCTE BUPYCHOW MHMEKLN CONMPAXKEHO
C PUCKOM YyBENUYEHWs BbIxoda BUpyca U3 UHPULM-
POBaHHbIX KJIETOK, 4Ype3mMepHas rmbenb KNeTok BHO-
cuT 6onbLUNIA BKNAA B natonoruto 3abonesaHus, 4em
TMTP BUpyca. MNukoeble TUTpbl Bupyca SARS-CoV-2
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B pecnmpaTopHbIX MyTAX MOryT BO3HMKATb €lle Oo
NosiBJIEHNS CUMMTOMOB nHeBMOHUW. WccnepgosaHne
R. Karki n coasT. [60] 04epTWIo curHasnbHbIA NyTb, 3a-
pencTtesoBaHHbI untoknHamu TNF-a n IFN-y, Bblgenms
PS4 AOMOSIHUTENbHBIX MOTEHUMaNbHbIX TepanesTu-
YeCKMX MuLleHe — npoTenHkmHasy JAK2 n ee a-
dekTopbl STATT, IRF1, iNOS n NO. TapretuposaHne
LUUTOKUHOB — CTMMYNATOPOB MaHONTO3a BMECTE WK
Nno OTOENbHOCTM MPeAcTaBnsieT cobor camyto Heno-
CPEeOCTBEHHYIO TEPaneBTUHECKYO CTPaTErnto, Tak Kak
aHtutena npotme TNF-a u IFN-y y>xxe ogobpeHbl ans
KNnHM4Yeckoro ncnonb3osanus [60]. Hanpumep, ama-
nanymab — aHtuteno npotms IFN-y — ogobpeH FDA
AN18 NeveHns pepakTepPHOro, peunamBrIpYyOLLIErO UK
nporpeccupyrollero remodarountapHoro ammdoru-
CTVOLUUTO3a, B KOTOPOM PELLAIOLLYIO POJb UFPaeT ono-
cpepoBaHHas komouHauven TNF-a n IFN-y natonorus
[61]. B uenom, ngeHTnduUKaunst 3Toro KPUTUYECKOro
nym TNF-a+IFN-y-nHgyunposaHHon rmbenn Bocna-
JINTENbHBIX KNETOK 0becnevnBaeT MHOXECTBO JieKkap-
CTBEHHbIX MULUEHEN, KOTOPblE MOXHO UCCnenosaTb
Ha npegmeT 3HEKTUBHOCTM UX MHIMOUPOBAHNS NP
COVID-19, a Tak>xe Apyrmx MH(EKLNOHHbIX 1 BOCMa-
NIMTENbHBIX 3260/1€BaHNAX, KOTOPbIE BKIIOYAIOT B Ce6S
TNF-0+IFN-y-nHayunpoBaHHbIil LUTOKUHOBbIV LLUTOPM,
N CNY>XUT OCHOBOW ANsi paspaboTKy Hay4yHO 06OCHO-
BaHHbIX TepaneBTUYeCKMX cTpaTernin Ons npeopo-
JIEHMS MPOJOJIKAIOLLErocs Kpuauca obLeCTBEHHOro
3apaBooxpaHeHus [60].

[TOCKONBbKY LMTOKMHOBBIN LITOPM MHOMMMU aBToO-
pamy OMMCbIBAETCA Kak OTIMYUTESNbHBIN NPU3HaK na-
Tonorum COVID-19, npogomkaeTcs psag, KINHUYECKNX
NCNbITAHUA NS OUEeHKN 3(PPEKTUBHOCTM LUTOKNHO-
BoW Gnokagbl C MCNOMb30BaHWEM WHIMOUTOPOB |L-6,
IL-18, IL-1a n IL-1B [62-64]. OpgHako 6nokupoBaHue
NpoBOCNANNTENbHbIX LUTOKUHOB, Takux Kak TNF-q,
IL-1 n IL-6, MeeT HEOAHO3HAa4HbIN yCrex B JfieYeHun
3a6051eBaHnin, CBA3aHHbIX C LMTOKUHOBBLIM LUTOPMOM.
Kpome Toro, HEKOTOpble aBTOPbl COMHEBAIOTCS, Oen-
CTBUTENbHO N1 sIBNIeHNE, Habntogaemoe npu COVID-19,
npeacTaBfseT CO60N LUTOKMNHOBbIV LUTOPM, MOCKOJSIb-
KY YPOBHM MPOBOCMANINTENBHBIX LIMTOKMHOB Y 3TUX
NMauMeHTOB HUXXe, YeM Yy MauMeHTOB C OPYruMu co-
CTOSTHUSAMW, CBSA3aHHBbIMU C LIMTOKMHOBBIM LLUTOPMOM,
Hanpumep cencucom [65, 66].

OnucaHne LMTOKMHOBOrO LWTOPMa Yy MNauneHTOoB
¢ COVID-19 nobyouno npoBecTn NPsIMOe CPaBHEHME
COVID-19 ¢ ppyrummn KpuTuyecKumiy 3abonieBaHus-
MU, XapakKTepPU3YLLMMUCSA MNOBbILLEHHBLIMA KOHLIEH-
Tpaunsammn untokmHoB. M. Kox n coasT. [65] nokasa-
SN, YTO HECMOTPS Ha HaM4me TSHKESIOro JIErOYHOro
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NOBPEXAEHNS, LUWTOKMHOBBIA LUTOPM Y MauueHTOB
¢ COVID-19 HabnogaeTcs He Bcerna. YpoBHu Bocna-
nutenbHbiX LMTokuMHOB TNF, IL-6 n IL-8 y nauneHTOB
¢ COVID-19-accoumupoaHHbiM OPLC, HaxoansLIMX-
CS B OTAESIEHVUN NHTEHCVBHOWM Tepanun 1 noslyYaBLUmnX
NCKYCCTBEHHYIO BeHTUnAUmio nerkux (VBJ1), 3Hauu-
TENBbHO HMXKE, YeM Yy MauMeHToB C BGakTepuasnbHbIM
cenTunyecknm wokom n OPAOC [66]. B nccnegosanue
D.E. Leisman n coasT. [66] 6binn BKAKOYEHbI Fpyn-
nbl nauyneHToB ¢ COVID-19 (n=1245), a Tak)xe COCTO-
AHUAMK, He cBA3aHHbiMM ¢ COVID-19: ¢ cencucom
(n=5320), cMHOPOMOM BbICBOOOXKAEHNA LIMTOKUHOB
(n=72) n OPOC (n=2767). ¥ nauneHTOB C TSHXKENbIM UK
KpanHe Tskenbim COVID-19 cpepHss KOHUeHTpauums
IL-6 B CbIBOPOTKE cocTasnsina 37 nr/mn, y naunMeHToB
C CMHAPOMOM BbICBOOOXAEHWS LIUTOKUHOB, HE CBA3aH-
HbiM ¢ COVID-19, noytn B 100 pas Bbiwe (3110 nr/mn,
p <0,0001), y naumeHTOB C CENCUCOM, HE CBSI3aHHbIM
¢ COVID-19, B 27 pa3 Bbiwe (984 nr/mn, p <0,0001)
n y nauymentoB ¢ OPOC, He cBadaHHbiM ¢ COVID-19,
B 12 pas Bbiwe (460 nr/mn, p <0,0001). 3Tn gaHHbIE
CTaBAT Nof COMHEHME POJib LIMTOKMHOBOMO LUTOPMA
B ANCYHKUMM opraHos, Bbi3BaHHON COVID-19. Onu
NMOKa3bIBaKOT, YTO LIUTOKNHOBLIN LUTOPM HE OMNnCbIBaET
Hagniexxawimm obpa3omM Cpeny, B KOTOPOI BO3HMKaET
anchyHKUMs opraHoB, Bbi3aBaHHass COVID-19. B ot-
yeTax O BCKPbITUN HEM3MEHHO OTMEYaeTCs LUMPOKOe
pacnpocTpaHeHne SARS-CoV-2 B pasnnyHbIX TKaHsX.
B 9TOM KOHTEKCTE CTOUT YYNUTbIBATb, YTO MMMEONEHNs
N NPENMYLLECTBEHHO MMMOUMMYHHOE COCTOSIHUE C MO-
CneayoLLM BUPYCHBIM MOPaXKeHNneM TKaHel 1 gucpe-
ryJIMpOBaHHbIM BOCMANIEHNEM COrNacyeTcs Kak ¢ Knu-
HUYECKMU 1 NaTONOrMYECKMU OTKJIOHEHUAMU MPK
COVID-19, Tak 1 C BbICOKMMW KOHLEHTpauusamMmn Lmp-
KYMPYOLMX peareHToB OCTpon a3kl [66].
Makpodharn npenctaBnsioT coboi ewe OAuH
NCTOYHVNK LWUTOKMHOBOrO LWTOpMa. CUCTEMHBIA Lu-
TOKUHOBbI Npodusb, HabGNO4AEMbIA Y MNaUVEHTOB
¢ COVID-19, cpaBHMAN C CUHAPOMOM aKTMBaLMn ma-
KpodaroB, KOTOpbI OObIYHO XapakKTepu3lyeTcs He-
KOHTPOJIMPYEMOI akTuBaumnen 1 PasmMHOXEHNEM Ma-
Kpodaros [67]. NMomMnMO pe3naeHTHbIX Makpogaros
NIerkux, B OPOHX0aNbBEOSIIPHON XXMOKOCTU NauMeH-
TOB C Tskenbim COVID-19 o6Hapy»eHO MHOXXeCTBO
npoBOCNannTeNlbHbiX  MakpodaroB, MOBbILEHHbIE
YPOBHM LNTOKMHOB IL-1B 1 IL-6, a TakXXe XeMOKMHO-
BblX PELEenTOpOB, YTO YKasblBaeT Ha NpUBMEYEHUE
BOCMaNUTENbHbIX MOHOLIMTOB U HENTPOUIOB [68]. [n-
nepakTBauns Makpogaros OTBETCTBEHHA 3a MOBbI-
LLUEHHY0 3Kcnpeccuto «peuentopa cMmepTu» FAS (first
apoptosis signal) Ha T-kneTtkax u Tsbkenyto numdo-
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neHwto, Habnogaemyto 6onee 4yem y 80% naumeHTOB
[69] n cBagaHHyto ¢ puckom OPAC [70]. K uctowweHuto
T-numcounToB 1 AMMEMONEHNN NPUBOLUT MOBbILLEH-
Has akcnpeccusi 6enka PD-1 (programmed cell death
protein 1) Ha T-knetkax y nauumeHtoB ¢ COVID-19,
CBUAETENbCTBYIOWAA O KOJIMYECTBEHHOM U (DYHKLM-
OHaJIbHOM (aHeprus) ncToweHun T-KNEeTOK 1 Head-
(hEKTUBHOM VMMYHHOM KOHTPOSE Haph pensvkauuven
BMPYCa, KOTOpble CMOCOBGCTBYIOT MPOrpPeccMpoBaHunio
3aboneBaHuns [12, 46, 71]. NocmepTHOE BCKPbITUE Na-
umeHToB ¢ COVID-19 nokaszano mMacCuUBHbLIA anonTtos3
T-KNeTok B NMMM@aTtn4eckmx y3nax u ceneseHke n ot-
CYTCTBWE repMmHasbHbIX LEHTPOB, HEOOXOAMMbIX ANS
BblpabOTKMN JONTOCPOYHOr0 UMMYHUTETA [69, 72, 73].
MpoTeoMHbIN aHann3 17 deHoTunm4eckn pas-
HOOOPAa3HbIX KMETOYHbIX JIMHWA, MPOVNCXOAALMX U3
JIErKnx, NeYeHn, KNWeYHnKa, noYek, cepgua n mMmosra
YenoBeKa, BbISIBUNT YHUBEPCASIbHOE MOAaB/ieHNE CUr-
HanoB MHTepdepoHa nocne 3apaxeHms SARS-CoV-2.
AHanuna curHanbHoro nytn JAK-STAT — ko4eBoro
KOMMOHEHTA NHTEP(EPOHOBOro OTBETA — B LUMPOKOM
AranasoHe KJIETOYHbIX CUCTEM OBHApPY>XXWA, YTO HEKO-
TOPble KOMMOHEHTbl 3TOr0 Kackazia aTtakoBaHbl BUPY-
com SARS-CoV-2, 4To NpuBeENO K AeceHcnbunusaumm
KNeToK K uHTepdepoHy. Bupyc SARS-CoV-2 6bIcTpo
OTKJIOYAET €ro 1 TEM CambiM NMOAABASET UMMYHHYHO
3alUMTY N CHUXKAET YyBCTBUTENIbHOCTb KNETOK K Jie-
4YeHuto nHTepepoHoM. ViccnegosaHme anHaMmUKmn n3-
MEHEHWI MoKasano, YTo O6OMLLUNHCTBO KOMMOHEHTOB
kackapga JAK-STAT uctowunmucb Ha paHHen ctaguu
3apaXkeHns, 4YTO yKa3blBaeT Ha ObICTPOE aKTUBHOE
nogaBsfieHNEe UX 3KCMPeccun B OTAMYME OT reHepa-
JIN30BAHHOIO MHrMbMpoBaHUs reHoB, HabnwgaemMoro
Ha MO34HMX CTagusax 3apakeHus. DT OaHHble pac-
KpbIBAKOT OAHY U3 CTpaTernii MMMYHHOrO YKJIOHEHUS
SARS-CoV-2 1 co3gaHus 6naronpusiTHol cpegel Ans
ero penukaummn B pasnnyHbiX TUnax TKaHemn. 9t pe-
3ynbTarbl MOKa3biBalOT, YTO NOLABJIEHWE CUrHANOB
nHTEpEpPOHa SABNSETCA MEXaHW3MOM, LUMPOKO WC-
nonb3yembiM SARS-CoV-2 B pasnnyHbIX TKaHSX OIS
YKNOHEHNS1 OT NMPOTUBOBUPYCHOIO BPOXAEHHOIO VM-
MYHUTETA, N YTO TapreTupoBaHue MeLMaTopoB YKIIO-
HEHMs1 BUpyca OT UMMYHUTETA MOXXET OnoKMpoBaTb
ero pennvkaumio y nauueHtos ¢ COVID-19. Kpome
TOro, NPOTEOMHbIN aHaNU3 BbISBUN AnddepeHumnans-
Hyt0 aKcnpeccuio okono 5000 6enkoB — coTeH 6enKoB
B Ka)KOoWN KNeTto4yHon nuHun. Cpean KNEeToYHbIX 6en-
KOB, 3KCNPECCUA KOTOPbIX MOAaBfIeHa BO BCEX KNETOY-
HbIX NMUHUAX, NpoTenHknHasa JAK1 (Janus kinase 1) —
K/lo4eBas CcurHasbHas MoJsiekyna WHTeEpPgEepoHOB
n gpyrux umtokmHos (IL-2, IL-4, IL-6 n IL-7). Komno-
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HeHTbl youkBuTMHOBOrO Nyt (SP22, UBL5, UBE2C),
MegmaTopbl BocnaneHus (xemokuHbl CXCL1, CXCLS5,
CXCL8 n CXCL12), 6enkn-perynsatopbl KAeTOYHOroO
uMKna obHapy>XeHbl cpedn O6enkoB C NoAaBfeHHON
akcnpeccuen. dkenpeccus IFI35 — HeratnBHOro pe-
rynsitopa npoTUBOBUPYCHBIX Peakuuii — aKTUBUPYeT-
cs Bupycom SARS-CoV-2 [14].

OpouH 13 cambIX PaHHUX U MOLLHbIX WMMYHHbIX
oTBeTOoB — curHanuHr IFN — npefcrtaesnset Heno-
CPEeOCTBEHHYIO Yrpo3y ANsi BUPYCOB U MOXET ObICTPO
YCTPaHUTb NX U3 MHPULNPOBaHHbIX KNeToK. B3anmo-
pencteue IFN ¢ ero peuenTtopHbIM KOMMIEKCOM 1 MO-
crnefyoLlan akTMsauns peuenTopaccounmpoBaHHbIX
JAK-KMHa3 aKTUBMPYET 3KCMPECCUD TpaHCKpuUnum-
OHHbIX hakTopoB 6enkoB STAT. Bupyc SARS-CoV-2
NHrMbnpyet akcrnpeccuto peuentopa IFN 1 KuHasbl
JAK 1 CHWXaeT 4yBCTBUTESIbHOCTb UH(ULMPOBAHHbLIX
kneTok K neyeHnto IFN. Camblil cubHbIN 40303aBUCK-
MbIl 3PPEKT 3aMeydeH B UHMULMPOBAHHBLIX KieTKax
KnweyHnka, rge docgopunmposaHme STAT uHru-
bupyetcsa 6onee 4em Ha 90%. BospacTarowume no3bl
IFN BbI3bIBann ycuneHne dgocgopunuposanHua STAT
B HEVMH(MULUNPOBAHHbIX KJIETKax, a B WUHMULMPOBAH-
HbIX Habnogancs TONbKO He3HaYUTEeNbHbIN 3DDEKT.
B knetkax, nHguymnposaHHbix SARS-CoV-2, HapyLe-
Ha TpaHcnokauusa STAT 13 uMtonnasmbl B 54po 1 non-
HOCTbIO 3abI0KMpOBaHa MHAYKUMS MHTEPEHEPOHCTU-
MynMpyeMbix reHoB (interferon-stimulated gene, ISG).
OTu pesynbTaThl NokasbisatoT, 4To SARS-CoV-2 nepe-
BOAUT MHULMPOBAHHBIE KNETKU B COCTOSIHNE, HEYYB-
CTBUTENBHOE K NHTEPMEPOHY [14].

BpoxpaeHHble owmnbku B nepepade curHanos IFN
n Hanuuue aytoaHtuTen K IFN npepgpacnonaraioT
K Tshxkenomy TedeHuto COVID-19 [74, 75]. SARS-CoV-2
obnapaetr HabopoM MexaHM3MOB MNPOTUBOAENCTBUS
9(hHEKTOPHBLIM PYHKLMAM UHTEPdEPOHA — UHIOU-
poBaHuto nepefayn curHanos IFN, skcnpeccuun Bu-
PYCHbIX CEHCOPOB W APYrMX CUrHasbHbIX MOJSEKYII.
O6wwin pe3ynbTaT 3TOro MHrMbMpPoBaHUS — Hernpe-
PbIBHOE PacnpOCTPaHEHNEe BMPYCa B pPa3HbIX TKaHSAX.
D.Y. Chen n coagT. [14] nokasanu, 4TO K TOMY BPEMEHMU,
korga nauueHt ¢ COVID-19 nony4aet IFN, 6onblwoe
KOMMYECTBO KJIETOK UHMULMPOBAHO BUPYCOM, 1 feye-
HVe NHTePMEPOHOM MOXET He AaTtb addekTa. VimeH-
HO NO3TOMY BpeMs Havana Tepanun IFN 6ygeT knove-
BblM (hakTOpPOM, OnpefensowmmMm pesynsratr. PaHHee
ucrniono3osaHne IFN aBnseTcsa 3alwmMTHbIM, TOrga Kak
ero nosgHee BBeAeHME acCOLMNPOBAHO C 3amensieH-
HbiM BbI3AOPOBNEHNEM W MOBbILEHHON CMEepPTHO-
CTbto [76]. MacliTabHoe KNMHNYECKOe UCCNefoBaHmne
SOLIDARITY, npoBoammMoe BcemMupHoii opraHm3aumen
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3apasooxpaHeHns B 30 cTpaHax, He nokasano 3almT-
Horo adpdpekTa IFN y rocnutanmsanpoBaHHbIX NaumeH-
TOB C nosgHen ctaguenn COVID-19 [77].

CnepyeT OTMeTUTb, 4TO akTmBaums nytn JAK-STAT
CTUMYNMpPYeT BblpaboTKy IL-6 1 apyrux Bocnanutenb-
HbIX LMTOKMHOB, KOTOPblE MPUBAEKAOT UMMYHHbIE
KJNETKN K MECTY WH(eKUMmn, YTOObl YHUYTOXUTb WH-
urumpoBaHHble KneTku. WHrnbuposaHme ocu JAK-
STAT supycom SARS-CoV-2 nopasnsieT BbIpaboTKy
UMTOKMHOB, TEM CaMbIM Hapyllas CBOEBPEMEHHbIN
BocnanuTenbHbln 0TBET. CurHanuHr IFN yyacTtsyeT BO
B3aVMOAENCTBUN MEXAY BPOXAEHHbIM 1 afanTUBHbIM
UMMYyHUTETOM. [loTeps CBA3U Mexay 3TUMU ABYMS
BETBAMU MMMYHUTETA BbI3bIBAET TSXKENoe 3abonesa-
Hue y naumeHToB ¢ COVID-19 [78, 79]. iccnepoBaHue,
B KOTOPOM u3y4anu nepncepuHeckyto KpoBb nawuu-
eHToB ¢ COVID-19 pa3Hoi CcTeneHn TSHKeCTU, TakxXe
nokKasano CUJbHY KOPPENALUIO MeX Oy HapyLUEeHEM
otBeTa Ha IFN 1 KAMHWYECKMM MCXOOOM UHEKUUN
[56]. BT0 nccnepoBaHne packpbiBaeT hEHOMEH UHAY-
umposaHHol BupycoM SARS-CoV-2 geceHcnbunusa-
uum K IFN kak ocHoBy naTtoreHesa COVID-19 n nopgas-
NEeHNst BPOXXOEHHOrO U afanTUBHOMO MMMYHUTETA.

Okcnpeccuss ACE2 B numdouuTax npespawiaeT
nx B noteHumanbHble muweHn ans SARS-CoV-2, yTo
npusoguT K rnbenn T-knetok CD4+ n CD8+, gucba-
JTAHCY KaK BPOXXAEHHbIX, TaK 1 afanTUBHbIX UIMMYHHbIX
OTBETOB, rMnepakTusaLmm HeNnTpPounos n Makpodga-
rOB U OTCPOYEHHOMY KJIMPEHCY Bupyca. B KOoHTeKcTe
COQVID-19-accoumupoBaHHoin  nuMmdoneHun Habno-
patotcs (1) rmbenb MHOUUMPOBAHHBIX NUMEOLMTOB
1 (2) paspyLleHne BUpycCom NumM@aTnyecKnx oOpraHos.
[MocmMepTHbIN aHann3 nMMdaTM4ecKnx y3noB 1 cene-
3EeHKM NoATBEPLUI anonTo3 MMM oLuToB 1 Makpoda-
ros CD169+ y nauueHTtos ¢ COVID-19 [3]. BocnaneHne
MOXeT ycunmeatb akcnpeccuio ACE2 Ha makpodarax
[48], ygennumnsas nx BOCNpUMMHYMBOCTb K BUPYCY. YCTa-
HoBJeHa ponb Makpodaros CD169+, KoTopble coaep-
»XaT BUPYCHbIN HYKNEeOKancuaHblii 6enoK, B Ka4ecTse
MeamaTopoB rmMbenn akTUBMPOBAHHbIX NMMQOLUTOB
[12]. HecmoTps Ha abconoTHOE coKpalleHne obLero
konunyectsa T-numdounToB, Bkto4as T-knetku CD4+
n CD8+, OCHOBHOE COKpaLlLleHne HabniogaeTcst Cpeam
T-xennepoB NamsATy 1 PerynsaTopHbIX KNETOK, B TO Bpe-
Msi KakK KONMYecTBO HamBHbIX T-kneTok n Th17 paxe
yBenunynsaetcs [73, 80, 81]. Ha ¢hoHe ymeHbLueHns ab-
COJMIOTHOrO Konmnyectsa T-nMMOUUTOB, MOHOLMTOB,
9031HOMUNIOB 1 6a30hMNOB NPU TSHKESIOM N KpanHe
Tsbkenom COVID-19 ycunmnsaeTcs HENTPOMUIbHBIN OT-
BET, YTO NPUBOAUT K YBENIMYEHUIO COOTHOLLEHUS HEN-
Tpocdunos n numdountos [80].
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YT106bI MNONY4YMTb LENOCTHOE NpefcTaBfieHne
0 pasnuuuax Mexay TsXKenow 1 nerkon natonorunen
COVID-19 n nHTerpupoBatb BKJiafbl BCEX OCHOBHbIX
TWUNOB MMMYHHbBIX KNETOK, BK/0Yas HENTPOdWbl, MO-
HOLWTbI, TPOMOOLUTBI, IMM@OLMTLI, @ TaKXe CbIBO-
potku, A.J. Combes n coasT. [82] BbINONHUAN aHaNn3
OTAENbHbIX KNIETOK LeNIbHOM KpoBu. CeKBEHPOBaHne
PHK egHWYHbIX NeKouMTOB noaTBEPAMIO MO0OXKM-
TENbHYIO CBA3b MEXAY KONNYECTBOM HENTPOdUIOB
N TSHKECTbIO 3ab0oneBaHnsa 1 06paTHY0 KOPPENaLuo
ona numdongHbix nonynauui. MNauyneHTbl C nerkom
dopmoii 3abonesaHuss COVID-19 pemoHCTpupytoT
CKOOPONHMPOBAaHHbLIA naTTepH akcnpeccuun ISG BO
BCEX KNETOYHbIX NOMynAuMaX, 1 9T KNETKU CUCTEM-
HO OTCYTCTBYIOT y MauUMEHTOB C TsXenbiM 3abone-
BaHneM. Cpegun HenTpodunos ungeHtTuduumnposaHa
nonynsaumst ISG-akcnpeccupyrowmnx KneTok, Konu-
YeCTBO KOTOPbIX CYLLECTBEHHO pasfnunyaeTcs y na-
LMEHTOB C NIErKOW/yMEPEHHON 1 Tsxxenon Gopmon
CQOVID-19. leHHas curHatypa ISG Bknto4vaeT B cebs
reHbl, KOAMPYIOLLME rMaBHble aHTUBMPYCHbIE Peryns-
Topbl 1ISG15 n IFITM3 (IFN-inducible transmembrane
protein 3), KOTOpble OrpaHNYMBaOT MPOHUKHOBEHMNE
BMpyca B LUUTO30/b.

Cpenn MOHOHyKJIeapHbIX arouutoB (MOHOLM-
Tbl, Makpodarun, OeHOPUTHbIE KIETKU 1 nnasMaum-
TOMOHbIE OEHOPUTHbIE KNETKY) BbISBMAEHbI 7 KnacTe-
POB TPAHCKPUMUMOHHO PasnnyHbIX Cyononynsauumii
C reTeporeHHbIM Konm4ectBoM ISG 1 yHMKanbHbIMM
MONEKYNSAPHBIMU UAEHTUMKATOPaMM A1 KaXkgoro
knactepa. lMonynauum knaccudecknx ISG-akcnpec-
CUPYIOLLMX MOHOLMTOB N HENTPOMUIIOB NAEHTUDNLN-
poBaHbl Kak oboraileHHble y naymneHTos ¢ COVID-19
NErkon n cpepgHen cTeneHn TsxkecTu. Konn4ecTtBo
nnasMaunTonaHbIX AeHOPUTHBIX KNETOK, KOTOPbIE SiB-
naTca npogyueHtammn nHTepdepoHa IFN-a, Takxe
06bIYHO YBESIMYEHO Y 3TUX NaALMEHTOB, XOTHA CTaTW-
CTUYECKMN HE3HAYMMO. DKcnpeccus MoHounTamu ISG+
FEHOB, CBA3AHHbIX C TMIUKOJIM3OM U OKUCIUTENbHBIM
dochopnnmpoBaHnem, CBUOETENLCTBYET O HanMyum
b6akTepuanbHoro cencuca. AHanua guddepeHLmn-
anbHOM 3KCMPEeCCMM TEeHOB MPOLEMOHCTPMPOBA,
y1o ISG ABNATCA QOMUHMPYIOLWMMK FeHamu, acco-
UMNPOBAHHBIMU C IETKUM U YMEPEHHbIM (HDEHOTUMOM
COVID-19. ¥ Bcex nauueHToB C Nerkon/ymepeHHoM
cTteneHblo TsxecTn COVID-19 oTmeveHa Koppenauns
YacToTbl ISG-3KCnpeccupyroLwmx KNeTok (MOHOLMTOB,
HenTpodwunos, T- n B-numdoumnTos). Ang nauneHToB
C Tskenbim TedeHnem COVID-19 xapakTepHO BbICOKOE
COOTHOLLEHMe cybnonynsumnin HerTpodunos S100A12+
K HeliTpodunam ISG+ [82].
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CpaBHeHME  LUMTOKMHOBBLIX OTBETOB, BbI3BaH-
Hbix Bupycamm H5N1, H7N9, SARS-CoV, MERS-CoV
n SARS-CoV-2, obHapy>XnBaeT crneundunyeckyo Ans
SARS-CoV-2 gucperynaumo oteeta IFN Tuna | n ero
LUMTOKMHOBbLIX curHaTyp. VIHdekums BUpycoB rpunna
H5N1 n H7N9, kopoHasupycos SARS-CoV n MERS-
CoV Bbi3biBaeT paHHiol nHgykumio IFN Tuna |, To-
roa Kak oteeT IFN Tuna | Ha uHdpekuuto SARS-CoV-2
nposBnsieTcs cnabo, ecnu BoobLe npossnseTcs [83].
Wccneposanne yposHel IFN-a B cbiBOpoTKe 06Hapy-
XKNAO, YTO Y L, C NEerko/yMmepeHHom hopMoin MHEK-
UM NPOAYKUMUst 3TOr0 LUTOKMHA B cpegHem 6oJibLue,
4YyeM Yy MaumeHToB C TsKenon (opMon, 4To corna-
cyeTca ¢ 6onee BbICOKOW YMCNEHHOCTBIO MOMyNALWIA
knetok ISG+, XOTS HEKOTOPbIE MAUNEHTbI C TSXKENbIM
3aboneBaHeEM NMPOAYLIMPYIOT BbicoKne ypoBHM IFN-a.
Monynsaummn KNeTok, akcnpeccupytowwmx ISG, accouu-
upoBaHbl ¢ nerkon copmoinnt COVID-19, 6onee HU3KU-
MU ypoBHAMK 6enka cypdakTtaHta SP-D (MHgnkaTop
NOBPEXAEHNST aNbBEOJSIAPHOIO 3NUTENNS) B MNiasMe
N NWb HE3HAYUTENBHO — C ypoBHaAMM IL-6. KnacTe-
pusdauns BGONbLUMHCTBA KJIETOYHBLIX Cybnonynaummn
ISG+ NONOXUTENBHO KOPPENMPyeT C MHOXECTBOM
(haKTOpOB, YKasblBaKOLLMX HA CUMbHbIN OTBET Th1 1 ISG
(CXCL1/6/10/11, TNF-B, IL-12B, MCP-2/4), n HeraTuB-
Ho — c apyrumm (CCL23, MMP10, HGF). HeoxxngaHHbIm
AHTMKOPPENATOM COCTOSHUSI CTaNla KOHLEeHTpauus
CbIBOPOTOYHbIX aHTUTEN nNpoTus 6enkoB SARS-CoV-2
Spike 1 Nucleocapsid. 9Ta aHTrKOppensauns Obina riy-
GOKOM, N aBTOPbI COYIN MapafoKcasnbHbIM, YTO TshKe-
NI0B0NbHbIE MaUMEHTbI UMEIOT 6oNee BbICOKME YPOBHU
NOTEHUMANIBHO HENTPANN3YIOWNX aHTUTEN. DTO SBHO
NPOTUBOPEYUT TOMY, HYTO BUPYCHAsA Harpyska cBasaHa
C TSKECTbtO U cMepTHOCTLIO Npu COVID-19. Mockonb-
KY BbICOK/E TUTPbI aHTUTEN U CHUKEHWE BUPYCHON Ha-
rPY3KM SIBASIOTCA NPU3Hakom 6onee No3gHUX ctagun
3aboneBaHus, BbIgBMHYTA rMnoTe3a 0 TOM, YTO B 9TUX
clyyasix Jlerkoe/ymepeHHoe TedeHue 3aboneBaHus,
XapakTepnusyemMoe BbICOKOIN 4YacToTon curHatyp ISG,
npeawecTByeT Tshkenon crtagum 6one3Hn. OgHako
TUTPbl @HTUTEN Yy NaUMEHTOB C TSXXeNnon opMoit 3a-
6oneBaHns CTabusibHO BbILE MO CPABHEHUIO C NErkoi/
CpenHeln CTemneHblo TSXKECTU AaKe 4Yepes 2 Hepenv
nocne nosiBAEHNs CUMMNTOMOB, U ToNbKO y 10% naum-
eHToB c nerkon/cpepHenn COVID-19 moxeT pasBuTb-
cqa Tskenoe 3abonesaHue. bonee Toro, oTcyTCTBYET
CTaTUCTUYECKAs KOPPENALNS MeXay YNCIOM OHEN OT
Havana 3aboneBaHnst 1 HaM4MeM NOonynsaLuuiA KNeTok
ISG+, 4TO cBUAOETENBLCTBYET NPOTUB NPOCTON BPEMEH-
HOW 3aBNCUMOCTY MEXAY NErKnM/yMepeHHbIM 1 TSKe-
JbIM COCTOsIHMEM [82].
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HapyweHne MMyHHOW TONlepPaHTHOCTH

WccnenoBaHne CbIBOPOTKM TSXKESbIX MNaUMEHTOB
OEMOHCTPUPYET, YTO OHW MNPOJYUMPYIOT aHTuTena
C MHOXEeCTBOM TUMOB CMEUM@UYHOCTN MNPOTUB WH-
TepepOHCTUMYNNPOBAHHBIX KNETOK, U YTO 3TW aH-
TnTena yHKUMOHaNbHO OnoKMpyoT obpasoBaHue
ISG-akcnpeccrpyowmx KeToK, acCOoLMUPOBaHHbIX
C nerkon cgopmori 3abonesanns. Ype3mepHbIin rymo-
panbHbIA OTBET U NPOLYKUUSA ayToaHTuten (ayTto-AT)
HacTpavBatoT UMMYHHYIO CUCTEMY NPOTUB CamMol cebs
y MHorux nauuneHTos ¢ COVID-19, n ato onpepnenset
MULLEHW 08 UMMYyHOTepanuu, No3BoNsoLen NMMYH-
HOI cucTeMe 06ecneynTb NPOTUBOBUPYCHYHO 3aLUUTY.
deHOTUNMYECKNE pa3nnymsa OByX rpynn nauueHToB
C pasnuyHoi cTeneHbto Tshxectn COVID-19 moryT
oTpakaTb WM 3aBUCETb OT CUCTEMHbIX (PaKTOPOB,
BJIMSAIOLLMX Ha BCE KNETO4Hble nonynsuum. Okasanocs,
41O cbiBopOTKa 10% naumneHTOB COOEPXUT aHTUTENa
npoTuB IFN-a [82], 4TO cornacyeTcs ¢ pesynsratamu
nccneposarus P. Bastard n coasT. [74], B KOTOPOM OHM
Tak>xe obHapy>xeHbl y 10,2% nauneHTtos ¢ COVID-19.
Jltogn, y KOTOpbIX OTCYTCTBYIKOT ONpefeneHHble WH-
TepdepoHbl, 601ee BOCNPUNMHMBBI K MHDEKLNOHHBLIM
3aboneBaHusM. Cuctema ayTOaHTUTEN MNOAaBAseT
otBeT IFN, 4TOOblI NpegoTBPaTUTL MOBPEXAEHNe OT
BOCnaneHus, BbidsaHHoro natoreHamu. ¥ 10,2% (y 101
13 987) naumeHToB C yrpoxarowmm xm3Hun COVID-19
B Hayane Tshkenoro TeyeHust 3abonesanHnsi B 30 pas
Oonblue, Yem B 0O6LLEN MONyNsALMN, UMENNChb BbICOKNE
TUTPbI HenTpanusywmx ayTo-IgG npotmns IFN-w (13
naumeHToB), npotne 13 Tunoe IFN-a (IFN-al, a2, a4,
ab, a6, a7, a8, a10, al13, al4, a16, al7, a21; 36 nauneH-
TOB) 1 NpoTUB 060mxX NHTEPdEePOHOB (IFN-a 1 IFN-w;
52 naumeHTa), 19 u3 Hux nmenn ayto-AT npoTtus IFN-p.
OTn ayTo-AT HeWTpanusylT BbICOKME KOHLIEHTpa-
LUuM COOTBETCTBYIOLUMX MHTEpdepoHoB Tuna | un mnx
cnocobHocTb 6noknpoBaTth MHpekuno SARS-CoV-2
in vitro. 10 naHOeMUn OHW MPUCYTCTBOBANN TOJbKO
y 4 n3 1227 (0,33%) 3p0poBbix Ntogen. tn ayto-AT He
06Hapy>keHbl y ntofet ¢ 6eCCMMNTOMHON WA NErKOM
nHdpekumelir SARS-CoV-2 (p <107); 1,5% nauneHToB
¢ Tskenbim COVID-19 n aytoanTutenammn npotus IFN
Tna | Takxe umenu ayto-AT NpOTUB APYrNX LUTOKK-
HoB (IFN-y, GM-CSF , IL-6, IL-10, IL-12p70, IL-22, IL-
17A, IL-17F n/unn TNF), npu atom 95 (94%) naumeHToB
C XKu3Heyrpoxatrowiern nHesmoHmen n3 101 nauneHTa
C ayTo-AT 6bln My>X4Hamu. Bce npoTecTupoBaHHbIE
naumeHTbl UMeNy HU3KNE U HeonpeneamMble YPOBHU
IFN-a B CbIBOpOTKE BO Bpemsi OcTpol asbl 3abone-
BaHus. B-kneTtoyHas ayToummyHHas eHokonnsi Bpo-
XXOEeHHbIX gedekToB IFN Tuna | asnseTca npuymnHoii
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XKU3HEYrpoxxaroLei CQVID-19-accoumnnpoBaHHo
MHEBMOHUN KaK MUHUMYM Yy 2,6% >XeHWwuH n 12,5%
MY>X4UurH; 49,5% naumeHToB ¢ ayTo-AT 6binn cTaplue
65 net no cpasHeHwio ¢ 38% naumeHTOB 6€3 ayTo-
AT, T.e. yacToTa unpkynupyowmnx ayto-AT npoTtus IFN
Trna | ygenuymeaeTcs ¢ BO3PACTOM. YHUKaNbHbIV BO3-
pacTHOWN Npogunb SABNSETCS OLHON U3 0COBEHHOCTEN
COVID-19, npn KOTOPO CMEPTHOCTb YBENMYMBAETCS
BoBoe kaxpable 10 net nocne 50 net XnsHu [5]. 3tn
[OaHHble 0THACTU OOBACHAOT npeobnagaHne My>XUuH
cpean naumeHToB C >kusHeyrpoxawowum COVID-19
N yBEIMYEHNE pUCKa C BO3PACTOM N OTKPbLIBAIOT NYTh
ANna npodunaktTukn 1 nedvexus Tsxenon COVID-19,
BKtoYas nnasmadepes, genneuno nnasmobnactos
1 BBefeHne pekoMbuHaHTHbIX IFN Tuna |, He cBs3biBa-
toLLMXCs ayToaHTuTenamu (Hanpumep, IFN-B) [74].
OTBeT ayTo-AT NPOSIBASAETCS Y BCEX TSHKENbIX Na-
LUMEHTOB 1 HaueneH Ha nonynsaummn Knetok ISG+ n mnx
reHepauunto. AHTUTENA Y MHOTUX U3 3TUX MaLVEHTOB
obnagarT NpsaMon cneunuUYHOCTBIO K OETEPMUHAH-
TaM Ha noBepxHOCTU ISG-3KCnpeccupyoLmx MOHO-
untoB. Kak 1 noyemy B xoge uHdekumn SARS-CoV-2
HapyLLaeTcs TonepaHTHoCcTb K ISG, elwle npepctouT
onpenenuTb. OgHYM N3 KaHOMAATOB Ha POSb MOAYNs-
Topa B-kneTo4Horo oteeTa ABASETCHA NPSAMOe UHMDU-
unpoBaHue MoHouuToB BupycoMm SARS-CoV-2. Ecnm
npu paHHeM UMMYHHOM oTBeTe 6enkun ISG npeseHTu-
pyloTCs BMecTe ¢ 6enkamy naToreHa, TonepaHTHOCTb
UMMYHHOW cucTeMbl K 6enkam ISG MoXXeT ObITb Hapy-
weHa. M HaobopoT, NMHULMPOBAHNE MOHOLTOB BU-
PYCOM MOXXET BbI3bIBaTb YpE3MEPHbIE peakLummn B-kne-
TOK Ha MHOI/€ aHTUIeHbl, a HE TOJIbKO Ha Te, KOTOpble
obpasyoTcs BO Bpems MHeKuun. TapreTupoBaHue
YPE3MEPHO MHOMOYUCIEHHbIX U ayTOPEaKTUBHbIX B-
KJIETOK C MOMOLLbI TakMx npenapaToB, Kak PUTYK-
cmMab, BEpPOSITHO, MOXXET NPeofosieTb rnobanbHoe
nopasneHne sawmTtHoro ISG-onocpenoBaHHOro Npo-
TMBOBUPYCHOrO MMMyHUTETa. Hanuume uumpKynnpyto-
Wnx HenTpanuayowmx ayto-AT npotms IFN-a TecHo
CBSI3aHO C HM3KMMK ypoBHsMU IFN-a B CbIBOpOTKE.
[Mnasma nauyneHToB C HenTpanusylowummn ayTto-AT
npotue IFN Tuna | HeliTpanu3yet cnocobHocTb IFN-a2
6nokupoBaTtb UHGUUMpoBaHne knetok SARS-CoV-2
in vitro v in vivo, B OTAN4Me OT naasmbl 340POBbIX J1H0-
Oen 1 nauveHToB, WHpUuupoBaHHbix SARS-CoV-2,
6e3 ayTo-AT [74]. NopobHbIN 610K reHepauny curHaTy-
pbl ISG B oTBeT Ha IFN-a Habnogancs B padHbiX Kne-
TOYHbIX NONYNAUMSX, BKAOYaa numdoumnTel [82]. OTu
OaHHble CBUOETENbCTBYIOT O TOM, YTO B KPOBW nauu-
EHTOB COAEPXXNTCS AOCTATOYHO OOJbLLOE KONMMYECTBO
ayTo-AT, 4TObObI HENTPann3oBaTb COOTBETCTBYHOLUNE
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IFN Trna | n 6nokmMpoBaTb MX NPOTUBOBUPYCHYHO akK-
TMBHOCTb NpoTB SARS-CoV-2. OTHOCMTENBHO He-
KOTOPbIX MauWeHTOB C HenTpanuaylowmnmmn ayTto-AT
npotus IFN Tvna | n3BecTHO, 4TO 3TN aHTUTENA NPU-
CyTCTBOBaNM y HUX OO MaHAEMUU, ClefoBaTenbHo,
OHW SABNSAOTCA MPUYMHON, a HE CNEACTBMEM TSHKENON
nHdekumn SARS-CoV-2. 3Tn pesynstaTtel UMEKOT Nps-
MO€ KJIMHMYECKOE 3HaveHune. Bo-nepBbix, NauneHTsl,
nHpuumposaHHble SARS-CoV-2, MoryT 6bITb 06Cne-
OOBaHbl Ha Hanuune ayTo-AT ANS BbISABAEHUS UL,
NOABEP>XXEHHbIX PUCKY Pa3BUTUS OMACHON A5 XKU3HU
NMHEBMOHMW. BO-BTOPbIX, Takne naumeHTbl, Bbl3gopas-
nuBatowme nocne Tskenon COVID-19, gomxHbl 6biTb
NCKJIIOYEHbI N3 [OHOPCTBA PEKOHBANECLEHTHON Nnas-
Mbl [74]. YoaneHue atux ayTo-AT BOCCTaHaBNMBaET VH-
aykumto akenpecun IFITM3 n o6Lwmin Beixog MHTepde-
POH-UHAYLMPOBaHHbIX MOHOLMTOB [82].

Kak BbIiCHWNOCH, ayToaHTuTena mmetotcs y 60—
80% rocnuTtanuanpoBaHHbIx 6051bHbIX COVID-19, oco-
GEHHO pacnpoCTpaHeHbl aHTULUTOKMHOBbIE ayTO-AT,
4acTo Cpasdy K HECKOJSIbKUM LUTOKMHAM, C 60JbLUMM
KONMMYECTBOM pPasnnyHbIX CNeunUIHOCTEN, reHe-
pUpYyEMbIX Y OTAENbHbIX MNALUMEHTOB. Y pemkux na-
LMeHTOB BbisBfieHbl aHTuTena IgG k ACE2. HekoTo-
pble BUAbl ayTOAHTUTEN NOSBUAUCL de Nnovo nocne
nHekumn SARS-CoV-2. ABTOpbl NPULLAN K BbIBOAY,
4yto SARS-CoV-2 BbI3blBaeT pas3BUTME HOBbLIX ayTo-
aHTuTen IgG y 3HA4YMTENbHONM YacTu rOCNUTannM3npo-
BaHHbIX nauyuneHToB ¢ COVID-19 n yto Tsxkenas dop-
Ma COVID-19 MOXeT HapylwmnTb ayTOTOJIEPaHTHOCTb.
OpuH 13 cambIX Ba>KHbIX BOMPOCOB, HA KOTOPbIE HET
OTBETA, 3aKJI0HaEeTCs B TOM, YTO MOKa He U3BECTHO,
4YTO MPUBOOUT K NOTEPE TONEPAHTHOCTU U Pa3BUTUIO
ayToummyHuteTa y naumentos ¢ COVID-19 n novemy
TapreTupyrTCca onpeneneHHble Monekysbl. M3yveHne
3TUX MEXaHM3MOB npoJoskaeTcs [84].

KnuHuyeckune oco6eHHOCTH

nHdekummn SARS-CoV-2

MHdekuns SARS-CoV-2 npmBoguT K LLUMPOKOMY
CMNEKTPY KJIMHWYECKNX MPOSIBNIEHWA — OT Beccumn-
TOMHbIX Cily4aeB [0 ObICTPOro NieTanbHOro ucxoga.
TsxxecTb nHekuun SARS-CoV-2 cessaHa ¢ HapyLue-
HUEM perynsumm MMMyHHbIX peakuui [18]. B Hauane
anuMaeMmn Hambonee pPacnpoCTPaHEHHbIMY CUMMATO-
Mamu 6binn ofpiika (6bonee vem y 50% Bcex nauu-
eHToB ¢ COVID-19 [85, 86]), nuxopanka v Kawenb, HO
Tenepb NOsIBAAIOTCSH HOBble 0COBEHHOCTH, BbI3BaHHbIE
Camoil BUPYCHON MHEKUNEN Nan ee NocneacTeusaMu
[87]. BocnaneHne nepBoHa4vanbHO 3anycKaeTcs B ner-
KX MOBPEXOEHNEM aNbBEONAPHbIX 3MNUTENNASBHbBIX
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KNeTok, BbI3BaHHbIM SARS-CoV-2, 4TO BbI3bIBAET
OGLUMPHYIO MHDUABTPALUIO UMMYHHBIX KNETOK. OTOT
MECTHbIA BOCMANNTESbHbIA OTBET BbI3bIBAET CYHOPOM
BbICBOOOXXAEHNSA LMTOKMHOB, W3BECTHbIA Kak LWTO-
KWHOBbIN LUTOPM, YTO MPUBOAUT K FMNEPBOCMNANEHMIO
MHOIMX OPraHoB C MOC/IEAYKOLMUM MOBPEXLEHNEM
TKaHen n cmepTun nauneHTos [88]. Opyrue natodusno-
JIOTNYECKNE MEXAHU3MbI, TaKMe Kak 3HO0TeNMo3, Ha-
pywenue perynaumn PAAC, Tpom603, nnmdoumTone-
HUS, aHeprusa T-KNETOK, Tak>XXe MOryT CNocoOCTBOBaTb
3abonesaemocTu [89, 90]. do 94% BCcex nauuneHToB
¢ COVID-19 nmetoT 0gHO U HECKONBKO XPOHNYECKIMX
(conyTcTBylOLMX) 3a6oneBaHuii, U3 H1UX Hanbonee 4ya-
CTble — TUMEPTOHUS,, XPOHMYECKas OOCTPYKTUBHAS
60N1e3Hb Nerknx, anabeT, CepAeYHO-COCYANCTbIE 1 Lie-
pebpoBacKynspHble naTonorum [91].

rmnoremornob6uHemusi, NoBpeXgeHne

3H[OTEINAaJIbHOIO rJINKOKa/nkca

Mpu COVID-19 wuHpekuna SARS-CoV-2 cHumxa-
€T KOHLIEHTpauuio reMmornobuHa B KpoBM U HapyLua-
€T Npouecc TpaHcrnopTa KUCNopopa reMornobuHOM,
BbI3biBas Y OOJIbHbIX KUCNOPOOHYIO HEOOCTAaTO4YHOCTb
[92]. Mo panHbIM W. Liu n H. Li [93], KopoHaBupyc aTtaky-
eT 1-6eTa-uenb remornobuHa, BoicBOOOXKAAst U3 HEro
NOHbI >Kenesa ¢ obpasoBaHMeM NopdupuHa, Tak 4To
BCE MeHblLUe U MeHblle remornobuHa 6yget JocTyn-
HO Ons razoobmeHa. Kpome Toro, noHbl xxenesa (Fe2+
unn Fe3+), BxopsLme B CTPYKTYPY OKCUreMOrsiobuHa,
B CBOOOLHOM COCTOSIHUU TOKCWYHbI U YBENUYMBAKOT
okucnuTeneHbin cTpecc kposu. Korga SARS-CoV-2
paspyLlaeT remornobuH, 3T NOHbI MONafaloT B KPOBb
N TKaHW, rae 1 Ha4MHaKTCHA OCHOBHbIE 3D EKThbI BUPY-
Ca, CHUXXAETCS OKCUreHaums 1 yBenm4mBaeTcs rmnokK-
CUS, YTO MOXKET OOBACHUTL OAbILLIKY U YCTaNOCTb Y He-
KOTOPbIX NaLUMEHTOB NOC/e BbI3OOPOBEHUSA, XOTS UX
nerkme ObINn NOSIHOCTBLIO OYMLLIEHBI OT BUpyca [94, 95].
O paspyLueHnn remornobuHa CBUAETENbCTBYET MOBbI-
LLIEHNE CbIBOPOTOYHBIX YPOBHEN heppuTuHa, C-peak-
TUBHOro 0Oenka, nakTaTaerugporeHasbl U CKOPOCTU
ocepaHus sputpounToB [93]. Huskas catypauus gaxe
npun VIBJ1 aBnseTcs LOMOMAHUTESNIbHbIM OoKasaTesb-
CTBOM. TakM naumeHTam MOXeT noTpeboBaTbCs pe-
rynsipHoe NepenuBaHne KPOBU UMM CbIBOPOTKN KPOBU
npu Nogaep>XXke C NOMOLLBIO rnepbaprnyecKoro Kuc-
nopopa [96]. PaspylwueHne remornobuHa Hapyliaet
OOCTaBKYy KMCNOpoAa K >XU3HEHHO BaXXHbIM OpraHam.
YuuTbiBas, 4TO aHEMUSA OTHOCUTESNIbHO pacnpoCcTpaHe-
Ha y nofen ctapwe 60 neT, ganbHenwee CHUXeHne
OKCUreHauMn OpraHoB MOXXET OT4acTW OObSCHUTb
MOBbILLIEHHYO CMEPTHOCTb MOXWNbIX NauneHToB. Ces-
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3blBaHWe BUpyca ¢ reMornobrHOM NPUBOLUT K BbICBO-
OOXKAEHNO CBOOOOHbLIX paguKanoB W panbHelLen
FMMOKCUM N MOXKET BbI3BaTb CEPAEYHbIN MPUCTYM NN
OoCTaHOBKY ceppua [93]. B ocHoBe BCero aToro nexxuT
NoBpeXXAeHne 3HOOTENMaNbHOrO rMKOoKanmkea nus-3a
CBSI3blBaHNSA CbIBOPOTOYHOrO anbbymynHa BUPWOHOM
SARS-CoV-2. Huskuin ypoBeHb anbbymuHa 6611y 80%
ymepLumnx naumeHtos ¢ COVID-19 [5].

Cencuc n cenTUYeCKuii LOK

HekoTopble naumeHTbl ¢ COVID-19 BbI3gopasnu-
BaloT 6e3 [OMOMHUTENBHON NOALEPXKKM, KPOME KUC-
nopopHon. COCTOsiHME [pyrux BHE3anHo yxyglla-
eTca ¢ passutuem OPLC, KOTOpbIi BO3HMKAET Mpu
CKOMJIEHUN XXNOKOCTW B anbBeosax U accouunpoBaH
c cencucom [96]. YpoBeHb Kucnopoga B UX KPOBM
pes3ko nagaeT, pa3BuBaeTcs ogplwka [97]. Ha nsobpa-
XKEHMSAX KOMMbIOTEPHO TOMOrpadumn B Nerknx Takmx
NauMeHTOB BbISBNSETCA «MaToBOe CTekN10». OBbIMHO
um Tpebyetca VBJ1, n cMepTHOCTL Cpeamn HMUX BbICO-
ka. BckpblTe nokasano, 4YTO anbBeosbl 3arnoJIHEHbI
XKNOKOCTbIO, 3YKapuOTUYECKUM MaTepranomM 1 MepT-
BOW TKaHblo nerkux [98]. Hapsgy ¢ aTon natonoruen,
opraHHas HegoCTaTOYHOCTb MOYEYHOM, MeYEeHOYHOM
N CceppeyHO-COCYOUCTON CUCTEM YCKOPSIETCA Cen-
CUCOM KanunisipHow cetu. TpomM603, nosnopraHHas
HELOCTaTOYHOCTb U CMMMTOMbI Cerncuca Mno3BOoNsoT
OVarHoCTNpPoBaTb CUCTEMHbIA CENTUYECKUA LLIOK Mo-
YT BO BCEX Cay4asx cMmepTu. MexaHuam pas3BuTus
cerncuca sBnsieTCS CUCTEMHbIM U MPOSIBNSETCS CUH-
OPOMOM MOBBILLEHHOV MPOHMLAEMOCTU Kanwusipos.,
OKpY>KatoLLKMX aibBEOSbl NErKMX, N KanuansapoB BCEX
OPYr“X OpraHoB. ISNUTENWIN BbICTNAH reneobpasHbiM
CJI0eM U3 B3aMMOCBA3aHHbIX 6eKOB — 3HO0TENMab-
HbIM FIMKOKANMKCOM, YTO Heobxooumo Ans nognep-
XKaHWSA KanuinspHoONn MUKPOLMPKYNSLMNY, agcopobumm
1 peabcopbumm Yepes KanuanspHble MeMbpaHbl 1 pac-
NpeaeneHns XXNaKoCcTn No TKaHAM. PaspyLueHune aToro
CI0Si MPUBOAMUT K CEMCUCY U CENTUYECKOMY LLIOKY, YTO
MO>XHO OrPaHnynTb, NogaepXXusas Guanonornieckyto
KOHUeHTpauuto 6enka nnasmbl, 0COOeHHO anbbymunHa.
CbIBOPOTOYHBIN anbbyMUH TPAHCNOPTUPYET FOPMOHBI,
CBOOOAHbIE XKMPHbIE KACNOThI U NOALEPKNBAET OHKO-
Tn4eckoe gasneHune, Ho BUpnoHbl SARS-CoV-2 KOHKY-
PEHTHO CBA3bIBAOTCA C aSibOyMUHOM, YTO HapyLlaeT
€ro TPaHCMOPTHYIO (hYHKLMIO 1 06pa3oBaHmne aHZ0TE-
NManbHOro raMkokanmkea [5].

MnoanbbyMmHeMus 4acTto HabnogaeTcs y nauu-
EHTOB C TakMMW COCTOSIHUSMU, Kak guabeT, runep-
TOHUS N XPOHMYECKasa cepaevHas He4OCTaTOYHOCTb,
T.e. Y Tex, KTO Haunbonee ysA3BMM Ons MHMEKLUN
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SARS-CoV-2. [unoanbbymuHemus, Koarynonatus
N cocygmcTble 3aboneBaHns cesisaHbl npyu COVID-19
N MNO3BOMSAT MPOrHO3UPOBaTb MCXOL HE3aBNCUMO
oT Bo3pacTta. [unoanbbymrHeMUs Takxe ABNASET-
cs n3BecTHbIM hakTopom cencuca n OPOC, korga
XKMOKOCTb HakannueaeTcs B anbBeosiax. 1o mepe
pacnpoCTPaHEHUsT BUMPYCHbIX YacTWL, COOTHOLLEHME
MeXAYy CBSI3aHHbIM W HECBS3aHHbIM anbOyMUHOM
yBENMYMBAETCA. YMEHbLUEHME KOMM4YecTBa nuTa-
TeSbHbIX BELLECTB NPOBOUMPYET KJIETOYHbIA CTPECC
1 anontos. TakuM 06pasom, TOSIEPaHTHOCTb K BUPYCY
3aBUCUT OT TPaHCMNOPTa HYTPUMEHTOB U KOJM4ecTBa
cBobogHoro anbbymuHa. Tepanus anb6ymMmHOM Ans
3aMeHbl CBA3aHHOro afbbymunHa U yBENMYEHUst ero
O6LLEeN KOHLEHTpaumm B niasme u nHTepcTmumnanb-
HOW XKNOKOCTUN MOXET 061er4nTb CUCTEMHBIN cerncuc
N NpegoTBpaTuTb CMepTb. [pu CEenTUYECKOM LUOKe
NoOBpeXAeHNe SHOOTENNANBHOMO MMUKOKaMKca MO-
)KET BbI3BATb BOCMNANEHNE 3HAOTENUS COCYLOB U He-
paBHOMEpPHOEe pacnpefeneHne MUKPOCOCYANCTOro
KPOBOTOKA, @ TakXe BbICBOOOXAeHMEe oKcuaa a3oTa,
KOTOPbIl B HOPME y4acTByeT B perynsumm cocygm-
CTOro romMeocTasa, HO ero HeKOHTPOJIMPYyeMOe Bbl-
cBOOOXAeHVEe BEOET K NMOBPEXOEHNIO 3PUTPOLUTOB
N yMeHbluaeT Cnoco6HOCTb KPOBM MEPEHOCUTb KUC-
nopog [92].

KounHgeKynoHHbIe OCI0OXHEeHUs

CHmxeHne ahheKTopHOM QyHKLMM 1 Ynucna Kne-
TOK, Y4YaCTBYIOLLMX B KJIMPEHCE NaToreHoB, yBENNYU-
BaeT PUCK KOMH(EKUMM C OpyruMn Bupycamu, 6akre-
pusMu 1 rpubkamm, 0CO6EHHO B clyyae OanTeNbHON
rocnutanudauun nagmeHtos ¢ COVID-19. YpoBeHb
NPOKAaNbLMTOHNHA, KOTOPbI CYATAETCA MapKepoMm
TSXKeNbIX G6aKTepuanbHbIX WHQEKUNA, He NOBbILLA-
eTcsa y nauneHToB ¢ HeocsoXHeHHbIM COVID-19 npu
NOCTYMNSIEHNN, HO ero NPOrpeccupytoLLee noBbILLeHNE
CBSA3aHO MOYTU C 5-KpaTHbIM MOBbILEHNEM pUCKa TH-
)Kenoro TeyeHus 3abonesanns [99]. YacTtota BTOpUY-
HOW 6akTepuanbHO N rPUBKOBOWM HMEKLMN 3HAYN-
TeNIbHO MOBbILEHa Y NauUMEHTOB C TSXXENOW (hopmMon
COVID-19, obuwiasa 4YactoTa KOMHMEeKUun y 60JbHbIX
COQVID-19 oueHmBaeTcs B 8% [100]. BakTepuemunsi Bbi-
aBfaeHa y 12% naumeHToB, NOnyYaBLUNX UHBA3VBHYHO
VIBJ1, n meHee 4em y 2% ocTanbHbix naumeHTos [101].
OTn nccnenoBaHns, BEPOATHO, HEAOOLEHNBAOT hak-
TUYECKYIO HacTOTY KOMH(EKLMM B AaHHOW MONYNSALMN.
YcTaHoBneHo, 4To 21% nauneHToB, MHULMPOBAHHbIX
SARS-CoV-2, MEIOT 1 Jpyroin pecnupaTopHbIil NaTo-
reH, BK/O4Yash PUHOBUPYC/3HTEPOBUPYC U pecnupa-
TOPHO-CUHUUTMAaNbHbIN Bupyc [102].
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Ewe opHa O0COBEHHOCTb TSKENOro TeYeHus
COVID-19 cBsizaHa C LUPKYNUPYIOLLEN MUTOXOHAPU-
anbHou [HK (MT-OHK), Bbioensiemont noBpexaeH-
HbIMW KJIETKaMn CONMAHbIX OPraHoOB U BbI3blBaOLLEN
BocrnaneHme. KonumyecTBeHHasi OLeHKa copgepxa-
HUs umpkynupyowein MT-OHK B npocnekTusBHO co-
O6paHHbIX obpasuax 6eckNeTo4HON nnasmbl 60JbHbIX
CQVID-19 Ha MOMEHT obpalleHns B 60NbHULLY BbISIBU-
Nla ee pes3Koe yBennyeHve y nauveHToB, rocnuranu-
3POBaHHbIX B OTAENIEHUSA UHTEHCUBHOW Tepanuun, Ko-
TOpble B KOHEYHOM uTore ymepnu. MHoroakTopHbIii
PErpecCrOoHHbIN aHann3 nokasasn, YTo BbICOKME YPOB-
HY umpkynupyowen MT-OHK asnsioTca He3aBUCMbIM
hakTOpOM pucka 1 paHHUM NHONKATOPOM NeTasbHbIX
NCXOQO0B MOCSie MOoMnpaBKy Ha BO3PacT, MO 1 ConyT-
CTBytOLLME 3ab0neBaHNsi, CTOMb XXe HaAeXHbIM Kak
KJIMHUYECKUN YCTAHOBJIEHHbIE NMOKa3aTe I CUCTEMHOIO
BocnaneHus [103].

3AKJIIOMEHUE

Y 6ofbWMHCTBA MaUMEHTOB, WHMULMPOBAHHbIX
SARS-CoV-2, CMMATOMbI OTCYTCTBYIOT, MW Y HUX pas-
BMBAKOTCA NIETKUE WM YMEPEHHbIE CUMMTOMbI, U OHM
BbI3gopaBnvBaloT vepe3 1-2 Hepenn. OpgHako y 5%
NaumneHToOB Pa3BMBaETCS MHEBMOHMS, MHOTE U3 3TUX
NaumneHTOB Hy>X[ATCSA B MHTybaumm n nonagailoT
B OTAENEHNSI NUHTEHCVBHON Tepanuu.

Jo cux nop He cCywecTByeT crneungunyieckom
Tepanun COVID-19. OgHum n3 dakTopoB, onpeaens-
OLLMX OTCYTCTBME 3DMEKTMBHBIX METOLOB JNEYEHNS
N NEeKapCTB, SABMSAETCSH HEU3y4YeHHOCTb naTtousno-
norun COVID-19. M3yyeHne CNoOXKHOW CBSA3W MexXay
pas3nMyHbIMU CMCTEMAaMUN MPOTEONNTUYECKON 3aluu-
Thbl, AENCTBYIOLMMI B COCYOUCTON CETU YeNoBeKa npu
COVID-19, n ponn BOBMEYEHHLIX B HEE MEOUaTopoB
OTKPOET BO3MOXHOCTU UX (hapMakosornieckom Mo-
Synsaumn.

SARS-CoV-2 nopaxkaeT fierknue n gpyrue opraoi,
B TOM 4MCNe ceppue, MoYKKU, MO3I, CEeNe3eHKy, rnasa
N NULeBapuTeNbHbI TpakT. CnegoBaTeNibHO, HEOOXO-
OVIMbl fanbHeNWwne nccnegosaHuns, 4Tobbl paclunprTb
Halle MOHMMaHue O MOpPa’XeHUM OpraHoB W onpene-
JINTb AMarHOCTUYECKIME, MPOrHOCTMYECKME 1 Tepanes-
TUYECKME CTPaTErnn B KJIMHUKE.

B aTom 0630pe Mbl CTPEMUANCL OCBETUTL Mexa-
HU3Mbl  MMMYHOBOCNAaNUTENbHbIX, TPOMOoremocTa-
Thdecknx n apyrux npossneHHunn COVID-19. Ypos-
HVM BOCMNaNUTENbHbIX GUOMapkepoB U GMOMapKepPOB
Koarynsauum 3Ha4nTeNlbHO PasnnyaloTCcs y NauneHToB
¢ COVID-19, 4TO CBMAETENLCTBYET O CYLLECTBOBAHUN
pPasfnNYHbIX  BUOXUMNYECKUX/KITIMHNYECKNX  (PEHOTU-
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NoB, B KOTOPbIX NpeobnafatoT pasnnyHblie KNeTo4HbIe
cucTeMbl. PaspaboTka HOBbIX IEKAPCTB L5 JIeYeHNs
3TOro 3aboneBaHns TPeOyeT 3HaHUS MOMEKYNISAPHBLIX
nyTerl ero pasBuUTUS U KPUTUYECKU BaXKHbIX MoOJie-
Kyn-mueHen. bnokuposaHne nyTen NPOHNKHOBEHNS
BMPYCAa, BKJIIO4as peLenTopbl  hePMEHTbI, U KOHTPOJTb
UMMYHHbIX OTBETOB — MEPCNEKTUBHbIE CTPaTernv ans
YMeHbLLEHNSI NONMOPraHHON ANCHYHKLNN.
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